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NOTICE. 



■ hiMJriiua of tlie third edition of this work was completed two 
IB ago^ and Mxne sheets of it had already passed through the 
M^ whoD * fourth edition of it was announced as forthcoming in 
■many. As this, the fourth edition, had undergone complete revi- 
le and contained many important additions, it was thought 
isable to await its appearance before publishing the translation, 
•ough the kindness of Dr. Neubauer and Dr. Vogel in furnishing 
Society with proofs of the new edition as it was passing through 
press in Qermany, the Translator has been enabled to produce 
English version very soon after its appearance in Germany. 

LoNDox, July, ISTiS. 
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PREFACE TO THE FOURTH EDITION. 



iTiTE first edition of this work on the Analysis of the Urine was 
prcMHtod to the Uedical Profession iu ISbi, subsequent to a course 
tiw subject delivered by me to Medical Men imd 
tit Wiesbaden. The chief object which I had in 
tta production was, that it should be of service to the 
igagcd in practice. The favourable reception wliich it 

It wiib conviuced me that it had not altogether failed in this 
icsped ; and induced me when, iji 1856, the book was a second time 
oJled for, once again to work out thoroughly the whole subjecl- 
Buiter of it. Besides this, in order to meet a desideratum, Prof. 
J. Vogel undertook what now forms the Second Division of the 
work, the Semiology of the Human Urine. In this new form the 
book appeared iu 1856; and again a third time in 1858. Another 
edition, the fourth, has now been called for. 

In this fourth edition I have still endeavoured above all to keep 
the pnctical in view, so as to render the book a safe guide for the 
Phjndan and the Pharmaceutist in their investigations into the state 
of the urine. Tlie medical student it is hoped will also find in it 
• dear description of the chemical characters of the normal and 
ftbitomu] constituents of the urine. The first part treats of the 
ehemicsl character of the different normal and abnormal consti- 
lurnts of tin; urine, and contains many new methods for their pre- 
pttntion and tests ; several of the processes formerly given have been 
vorkMl out anew, and the whole subject brought up to a level with 
the acience of the day. Moreover, the large number of investigations 
into ihc urine, which have been made in the laboratory here by 
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i'feB first edition of this work on the Aoaljsis of tlie Urine was 
IXMBBted (o the Medical Profession ia 1854, subsequent to a course 
|S Xiectttrefl on the subject delivered by me to Medical Men and 
« «t Wieaitaden, The chief object vfbich I had in 
in its production was, that it should be of service to the 
engaged in practice. The favourable reception wldch it 
let with convinced me that it had not altogether failed in this 
Iwpect; and induced me when, in 1S56, the book was a second time 
italled for, once again to work out thoroughly the whole subject- 
-matter of it. Besides this, in order to meet a desideratum^ Prof. 
IJ. "Vc^l undertook what now forms the Second Division of the 
vodc, the Semiology of the Human Urine. In this new form the 
, kook appeared iu 1S56 ; and again a third time in 1858. Another 
edition, the fourth, has now been called for. 

In this fourth edition I have still endeavoured above all to keep 
the practical in view, so as to render the book a safe guide for the 
HiyHcian and the Pharmaceutist in their investigations into the state 
of the uriue. The medical student it ia hoped will also find in it 
a clear description of the chemical characters of the normal and 
abnormal constituents of the urine. The first part treats of the 
chemical character of the different normal and abnormal consti- 
tuents of the urine, and contains many new methods for their pre- 
paration and tests ; several of the processes formerly given have been 
worked out anew, and tlie whole subject brought up to a level with 
iho science of the day. Moreover, the large number of investigations 
ioto the urine, which have been made in the laboratory here by 
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myself^ and by Medical Men and Pharmaceutists^ has enabled me to 
alter and improve the method of Quantitative Analysis described in 
the second part. The method given in this part for estimating the 
whole of the fixed constituents of the urine, the volumetrical 
analysis of phosphorus by means of uranic oxide, the estimation of 
creatinine, and the volumetrical analysis of albumen are entirely new. 
The volumetrical analysis of chlorine by means of the silver-solution 
after Mohr, the sulphuric acid-, and sugar- volumetrical analysis, and 
the estimation of albumen and alkalies, have all undergone con- 
siderable alterations. 

I have to thank the Publishers of Funke's Atlas of Physiological 
Chemistry, for the permission given me to use their plates. 

C. NEUBAUEE. 



Wiesbaden, November^ 1862. 
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EXPLANATION OF PLATES. 



PLATES I. TO III., FIGS. 1 to 4, 
ARE TAKEN FROM DR. O. FUNKE'S PHYSIOLOGICAL ATLAS. 
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in wr(n*, and n-eryttallitc 



''lor 



UMordiDAryprlsoiD. cryetidi perfboUr alinllar lo those of Ilia tKple-phoapbule 
n«n rumusd, eapedillf when tha hippuric oind ii ilowl; depoaited. Cr^ala]* 
of (bi« Mrt nuj be wen id thv lower third of the figuni la tba left. 

IA-1* ariff in digirent fttrmt, partly prtparid from loltUum and eryttallita- 
' tkmieaity-puri uric avid, partly from urinary tedimmli hy tht aeiion 
itu, and partli/ from tpontantevt depeiilion out ofurint. 
fomu of urio Mid, from the moat ordiniuy kind, vii,, Iho rimplc 

ftaadily racognined in the figure. The dutnb-bcll ahapsd foniia, ahuvn in 
■pper part at the tigan to the left, which aUo aouiatimeg appear atwntaneouBljr, 
»M repTMemted. Fiioke always [)btaiii»d them by diaaolviug chemicsllf-pure 
•fill ID conaeDtralcd cnustic potaah. and then decflupoaing the aolution under 
~>y meaiu of oontieiitrBlsd hydroohlorio add, 

[)i)Mnf,eDnau(in{r ofvrieaeid, nrali of loda, and tixaloii oflimt 
ofaptrion ooni^aitKitint from typhut. 

if orin add cryatnla, not unfreqaontly mot wilb in aeJimenta, con- 
JiMvof Lar^, dense bandies, two of which are joined together at thoir base; these 
Inw^'™ am compoaed of an inSnits number of long, fine, whetstone ■ shntHid 
GfTstals, which are for the moat part ooinurliiBa, The brilliant, letter eover shaped 
•fTllala are oxalate of lime. The Utile roundiah and angular dark coloured graQ- 
vlna. lyiagiRiigl}', omiasfMl togotherin irmguliir groups, cmisial of urule of soda, 
which alwsya appear* in the nrioe in (his molecular tbrni. (Compnro Plate 11., 
Fig*. 1 and 3 ) 

. 4. Urinary iidintnl, rontiitinp of epitkfliat eylindcrs. and numiroia tpilhi- 
liatetltt.laJhmafltrilialhfrom Ikl bladder of a patient lehohaddieduf typha. 
The cyiindrii^ tabes itoitiisl ai the epithelial lining of the renal tubuU, whosv 
RHUid Budeiited aoUs are distinftly viaible, tbrough a fine grannlar mnss ofmolo- 
mlm. The club', caudate-, and apindle-ahaped nitoIeat«d epitholini cells are de- 
rived (ram the nretsrs, the polTes, and calicos of the b'dneys. 
r- S. Urinary itdintnt. eomiiWny nf rylindrieal Ayaliru baditi, epHhalial cellt of 
Iht Hadder, ani mwiut-ei>r-putcltt, from a patitnt nifftting under cevit miliary 

These urinaiy cylinders are more rarely met with than the lust-mentioned kind ; 
lh*y are hyalino and homogoneuaa, and require care lu disllngnish them from the 
flVTDunding flTiid- In this rase they here and there appear nnusuallj distinct, in 
ocnuaqware of being covered with amall granules of lunte of sods. Their eitre- 
niUaa an aomewbut gtohnlar and distended. Moreover, (here are seen roundiih, 
toBKi "' polygonal, and for the moat part diatlnctty granular piivomenl-Bpitheliuiii 
of Uw tdoddcT, and very granular mucus-oorpiuclea, 
[. «, Urinary tedimml, comietin} of eyliniUrt of fbriiu, blood-, and piia-cor- 
pitid—,»nd epiihelialcelU from Ihtotbaminotit urinaof a typhus-patient , in 
m>lot» pOtl-MOTltm iiaminotimnhotBtd utlt-marked injlamtimlory infiUraCiort 
tfUutorlieal tubetatiM of the kidnty: 

Th* granuLar cylindrical bodia formed of a well-marked molecular maw. are 
Haiiunia coafnila (crvapoos eindatjon) fWim the renal tahu]i , whose xhape tli(>y in 
Ibot represent. Some of tliem contain bloiid- and pua-corpuAcles, a cou^idembte 
BDnihnr irf which aie also seen &«e, the blood-corpuacles being most of them 
■wollan, and some few of Ihem with the central dcpresaion still diatioDlly visible, 
Tbt bipolar epithelial celli har« been already dDsoibed under Fig. 4. 



Fig. 1. [Viniiry itdimait, eotuiitiitf tf uratt ofioiia fiom lAt MorMiny iirAw (f n 
luberetUoiii palirni, 

Tbe ordiiuuy whitiali, fsUowiih, or tile-tcd dapodt, whifli is wpualcd tnm I 
cvncenlnitcid mcid urins u it cools in the air {upedslly in febrile lUlce of ll 
bod}'), aluiMt invuiably ootuisti vi unite of aoda, in tho form of tooleenJa a 
pwiule*. Wben mpidl}' sepftrated. Ihns gmmlen tn verj Aae. and gimaiUf 
depoEitwl togethsr in Ktoupi, lu htra ibowii. Wbcn tbe urine hui ■luud i 

cpitbelid celli ol tbs bladder, wliicb tie mustif vurf grinulBr and ronod (an 
righl lower border). 
I Fig. 3. Urinary udiment, mtuUlinff of »ra[( «/ loda, phoiphtUf, atui m 
Koagvlum.from vrin* vhich ha* tlood tkrtt dagt. 

Uere tbe urate of aoda is •con uspHnted in tba fbrm of mneli I 
darker grBDuIoe, and in larger tnasw* than in tbe (onnerouw. T 
granular and membruious-lile furma eeva in tbe centre of die Hgun, ■ 
of tbe pellible of amorpboui pbosphatjo eu-tlm, wbidi often tarma on t 
urine undergoing dBcompoaitioD in tbe air. Tbe unalls and broadar If 
bands, vbicb coneitt of eitremaly Sao points and gmsulei, rangMl ti 
TOWS, arc muoua-coagula, whjdi are not un!r«[|unutl)' met witb in acid a 
ma; be euilf tnislaken for the urimu-j casts ubovs tpokeD of. Here aito w 
fermealation-rongi in rows and masaen {Aa at Iha under border), ai 
gnumlar macns-coipusidai. 
Fig. 3, Urinary t(^iinenl, cvmiiling n/tripU-ph(uphatei, anil of nutnereut numi- 
mrpUMeU; found in Ih* recmlly patied turbid alkaline urine of a patiml rvf tr- 
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\s of amnioDiu-pboi^hale of mu|:nena ere of different fom 
be readily recognised, without orystallograpbic or chemical acalyaie. 
CcapuBcLes ore rather small, very oontrsctcd, and granular, and for (b 
united by their harden into Urge groups. 

Fij. 4. Urinarji iidiment, contiating ofurati of loiia, uricaeid, and frrt 
fungi, from urint miicA has undirgone the aridfermimlalitn. 

Noruuil urine, and almost evsr^ kind of ncid, abnormal urine, afler long st 
undergo tbe scid-termentHtion. Small nucleated fermentsUon-fungi form ai 
fermentati'm advances, and increase by gemmation, and in this way form az 
and branched rows, sa shown in tbe figure. At the suns time, the yellow- 
coloured uric acid cryntnls are gTsdually seporalBd Irom ttte ordinary form of orMa 
of soda, and changed into the simple forms here shown. HorooTer, small ootolmlim 
of oxalate of time (aa Men at tbe upper right border) often appear. 

Fig. S. Viinarj/itdimenl.camiilingofcryilaUoftripli-phosphaliandurataiffmii 
monia.fromur ine which /uupaiiadinloHttilagt of alkatine-fermtnlalion, (i ' 
fromapaliiatiufferingfromparapIeitiaeaiueqHntten dittatt of Iht tp 

The cryslals of triple-phasphata showD ore those most mmmoniy met with ta. 
deoomposod nrine. The urate of ammonia is first of oU separated in the fom of 
fine molecules, out of which are gradually formed little globulsr bodies, vhioh u« 
dark, strongly refractive of liK''t, and become at lut studded with fine oeedla- 
points otdiOiirent lengths, hko tbo tbom-spple. 

Fig. S. Nilra't of una, leparaCid bt/ miant of nitric acid fron hifkly-conetntrattd 
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PLATE III. 

. 1. tVmary wrfimiB/, anuiiting of cryilah ef urie aeid /rom Iht urin* afa 
firl laffering/rom acul» theiimalitm rfurwi? the mituirual period. 

Nainennu <r«lt-tiuirknl ^eJIov, Teaicle-Uks, dintendcd blood-corpuscleBof dilTenmt 
wet ua Mill), M velJ us browiiish-;cUow rhombie tables, and otber totmt of uric 
add, which are fur the moiil p«rt dispoud in gmaps imd gl^iide, leprpHntiDg the 
atdiiwi7 fonaB of urioar; (edinimt, which so often appear a« ■ yollow-shiuinp 



« blood-cwputeltt, treatad teilh maltr. 
Tb* gndnal ohnngH which the blood-corrmMlot pasa throu(th, under the iipHoa 
afntar, ■» Men is the Agare (proceeding from the left border of it to tbo right), 
Tha edb in the Srst place iwell oat, lake n somcKhat lout-like birni, nnd nt length 
haeoma iphariFal, the puinl of central deprmnon beine gTadnall; elontcd. and at 
LM Inil^^ odI. At lbs aame tune, the diameter of the disc ia neceonrlly 
Jfanfliiahnl. The; coniicqijanlly appear amaller, the KUtral ahade becomes indie- 
linol and at length diaappean, whikt at theborden a cirruUr shadow app«re; in 
k fine cdls Ifing- at the border the lens-shaped form is dislinetlf seen. B; ftirther 
•cUon of the water, the cells IweoiDe paler and mora indistinct, an as lo be with 
dilEcutty distingniahed from the surrounding fltiid. the coatflnta of the cells — in 
MDaequaoce of the imlnbilion of wmlor — having the anme liftht-Te&sctiag power aa 
tlta water aronnd them. They appear aa extremety fine hfslinc vesicles, and Bt 
last become wholly inTisible. 

Df adding a oonoentiated aolution of ncutml B»!t tn the water, the corpuscles 
again appear aa ingnlar, minhapen, indented forma (as seen to the right of lbs 
flyura). 

. S. Fut-corpiuelti. 

In the lown half of the fignre, nonnni put-eorpiitclti are seen in the form of 

'tWt&d, pals, indistiDCtly-gnnialiiT veaiclcn of different sises ; some of Iheni having 
• aiagla ronnd, excentrically -placed nucleits, and some again a componnd nuclsus. 
Boow of the rjloid corpnncles, aa the figure shows, have a well-defined oontonr. 
whlbt in Othcn the coatonr appoon indifliEcl]; nrnrkod. In the npper half of the 
flcnra an mhh tha icaollt of the action of acetic acid oa pus-oorpUKlea. The cor- 
p a aclsa iwell oat, Ibeir niufaoo becomes nnoolh, and so hyaline that their contoor 
ii luudly dislingiuahable : the nnolai coniequcntly appear in varlDOs niimbera and 
ftnoa, aomotimn single, round, nval. of a biscuit- or horae-ahoc shape, somelioies 
tw«i thne. and fiiui in Damber, and of dilfereat forms and difTeimtlj grouped, re- 
•nlting from the division of the single nucleus. 

.4- Cftlim taktn /font a vicat ea'niliu, andre-Brystatiiitdoutnfemm'mia. 

■- fi and S tepmerd the motl important and frtqnenlly tntt uilh orpcauti fomu 
tehith att/ouni in urinary udiaunt ■« CMsi of cancer o/lht hladdor. 

For the apccial explanation of the glngls figures and Iheir aigitiflcatioti, aec 



PLATE IV. 



(Table of Colonn after Vogel.) 



Fig. 1. Pftlo-yellow. 

2. Bright-yellow. 

3. Yellow. 
„ 4. ReddUh-yellow. 
,, 5. Yellowish-red. 
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Fig. & Red. 

7. Browniah^red. 

8. Raddiflh-brown. 

9. Brownjah-bkok. 
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INTRODUCTION. 



rapid development which Chemistry has undergone dttring the last 
Kennial period has caused its influence to be generaUy felt, both 
the aria and sciences. Mamifacturcra and agricultiirista have 
length become convinced of its importance, anti, conspquently, 
tudy it. with zeal. Chemistry has also heen of great service to the 
ealing art, and, doubtless, will render it still further services. To 
itia science, in fact, must be attributed, in great part, the advances 
■de by physiology and pathology in modern times. 
The functions of respiration and nutrition have become more 
impreheiisible since chemistry, with its balance and weights, has 
etennined the character of the metamorphic processes. Physiolo- 
irfa and physicians have long understood the importance of a 
irefnl study of these processes ; and have referred to them when 
iving an account of the greater or Jess rapidity of the changes 
oing on in the body. 

Zoo-chemical analysis has also necessarily advanced nnder the active 
eal of so many observers, and has undergone a rapid development. It 
it us that the urine is a collection of the products of the 
eoompoaition of the animal structures, and that from the study of 
"le urine we may hope to obtain positive conclusions concerning 
ie nature of the organic processes going on in the diseased, as well 
i in the healthy, body. 

The urine has, indeed, heen at all times an especial object of 
mdy with zoo-chemical annlysits. Several substances have been 
iscovered, and many phenomena observed in it, from which we 
re enabled to draw conclnsions concerning the functions of the 
Limal economy. 

Heretofore, and up to a late date, the analysis of the urine has 
«n a long and diiScnlt process ; indeed, almost impracticable in the 
lids of the physician. But it is not so now. The physician, 
" with tho simplest and newest methods of aunlyeis, is now able 

h 



2 INTRODUCTION. 

in a short time, and at the bedside of the patient, to test the urme, 
and thereby to discover in it the presence of abnormal consti- 
tueiits, or to determine the quantity of any of its normal consti- 
tuents. Tliis method of analysis of the urine, combined with a 
soientitic application of the microscope, enables us to arrive at 
positive conclusions concerning changes going on in the body. 

It is intended, in the following pages, to give, in the first place, a 
sketch of the urine in its healthy state ; and also to point out the 
pecuhar changes which it undergoes, as consequences of its acid and 
alkaline fermentations. In the first portion of the work the chemi- 
cal characters of all the normal, as well as abnormal, organic and 
inorganic, constituents of the urine will be detailed. Their appear- 
ance, also, under the microscope, will be especially considered. 

In the second portion of the work, the different methods to be 
used in determining the quantity of the constituents of the urine 
wiU be described, as well as the necessary precautions, manipula- 
tions, and modifications required in carrying them out. The third 
part wi]l contain a practiced guide to the qualitative and quantitative 
analyses of the urine and its sediments, — such as the chemistry of 
the present day affords. 

A clear idea of the contents of the work may be obtained firom 
the following summary : — 

FiBST Part: 

1. Physical and Chemical Characters of the Healthy Urine. 

2. Normal Constituents. 

a. Organic. 
6. Inorganic. 

3. Abnormal Constituents. 

4. Sediments. 

5. Accidental Constituents. 

Second Pabt: 
Determination of the Weight of the Oi^anic and Inorganic 
Constituents of the Urine. 

Third Past: 

I. Practical Guide to its Qualitative Analysis. 
t. Characters of the Sediments under the Microscope. 
%. Practical Guide to the Quantitative Analysis of the Urine. 
4. Practical Guide to the Approximative Valuation of the 
Quantity of its Constituents. 



FIRST PART. 



8BCTI0N 1. 

7%e jiAf^ical and c/iemicat characters of keallhy urine. 
BK urine, physiologically considered, is a peculiar organic secretion, 
hich is separated from the body by special organs, the kidneys. 
1 coutaius, in solution, various nitrogenous and saline compounds, 

s pnxluct^ of the trans formations of the tissues, wliich are no 
mger serviceable for the purposes of nutrition. 

The constituents of the healthy urine are, in the main, to be re- 
irded ns products of the metamorphoses of the tiasnes of the body. 

: most important of them are the following organic nitrogenous 
ompoands ; — Urea, uric ucid, hippuric acid, xanthine, and crea- 
iniue ; and colouring and extractive matters. 

Urea is the most important constituent of human urine. It is 
chief product of the retrograde metaraorpboses of the uitro- 
jenous tissues, and undoubtedly results from their oxidation, 
jlhough we are quite ignorant of the way, in which the oxidation 
I effected. Notwithstanding the many attempts which have been 

idc, urea has unfortunately not yet been artificially jiroduced by 
le action of powerful oxidising agents on proteine- com pounds.* 

In addition to Die compounds above-named, the mineral consti- 
neiits of the blood, rendered useless for the purposes of life, — and 
llher matt«rs, which, having been introduced into the body, either 
Iterfere with, or do not assist in its nutrition, — are also discharged 
ith the urine, either unchanged or decomposed. The kidneys, 
loreovcr, through the urinary secretion, regulate the amount of water 
1 the blood, and maintain it at a pretty equable quantity. 
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^*ff.liirf from tfi;it of the mammalia, sliowing that the organisation of 
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MiraliJiy liutfiiin iirinft, as a rule, resembles that of carnivorous 
niiitfiiilii, Wli«ii uv'Ami, it is clear, and of a bright amber colour, 
liii« ti ilJHhficf. lu-id nraiition, a saltish bitter taste, and a peculiar 
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■rouiatic odonr. Stadeler has, after much ItiboTir, thrown some 
light upon the nature of the odorous mutter of the urine ; but his 
experiments refer to the uritie of cows rather than to that of man. 
He SDCoeeded, by the distillation of a large quantity of cows' urine, 
in rect^nising as the source of the odour a series of peculiar vola- 
tile acida, viz., phenjlic acid, and taurjiic, damuluric, and damolic 
leida. Human urine contains much smaller quantities of these 
kcicU ; and it was only when a considerable amount of it was operat«d 
upon, that the presence of phenylic acid could be distinctly recognised 
■by its characteristic reactions. 

The specific gravity of healthy human urine varies between 1'006 
and mSO — according to the age, the sex, the constitution of the 
body, and the food. 

The cause of the constantly acid reaction of healthy human urine 
has been much disputed. Liebig thinks, that it depends chiefly upon 
tbe presence of an acid phosphate. According to the researches of 
Lehmann, however, there can be no doubt, that in many cases, free 
faipporic and tactic acids exist in the urine, and consequently assist 
in giving it its acid reaction. The urine may be preserved for a 
long time, protected from the contact of air in a closed glass vessel, 
without suffering any particular decomposition. But when exposed 
to the air, peculiar and important changes take place in it, and these 
we shall next more particularly consider. 

When fresh urine is left to itself in an open vessel, slight 
clouds of Diucus, which gradnaUy sink to the bottom of the vessel, 
uaOAlly soou begin to form in it. In this mucus we find, under the 
microscope, some pavement epithelium of the bladder and urethra, 
as well as mucus-corpuscles, united together by fine granular shreds 
of mncus. A deposit of urate of soda, also, may be often readily 



When tlie urine has been left iit nat a still longer period, and 
especially under the influence of a moderate degree of heat, its acid 
reaction becomes stronger ; and distinct crystals of impure uric acid 
are at the same rime deposited on the aides and bottom of the glass. 
This increase of its acidity usually goes on for some days, and may 
even continue for two or three weeks. The acidity, however, at last 
bt^s suddenly to diminish, and gradually disappears. The urine 
now changes its colour, and becomes hghter; a wliitish, iridescent 
pellicle forms on its surface; and the presence of an unpleasant 
ammoniacal odour indicates that it has become alkaline. The crystals 
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of uric acid disappear, and whitish granules, and colourless, highly- 
refractive prismatic crystals are formed. 

These two phenomena may be distinguished by the names of acid 
and alkaline fermentations of the urine. 

Scherer has arrived at some interesting conclusions in reference to 
the decompositions which attend these fermentations. The most 
important are the following : — He considers that the vesical mucus 
of the urine is the original promoter of the acid fermentation. He, 
in fact, regards it as a ferment, whose presence occasions a decompo- 
sirion of the extractive colouring-matter of the mine, this matter 
being thereby converted into lactic and acetic acids. In this way 
the increase of free acid in the urine is produced. A consider- 
able quantity of fungi, at the same time, may be seen in the urine, 
under the microscope. These may be regarded both as the proof, 
and probably, also, as the promoter of the fermentation ; they closely 
resemble the cellules of the yeast-plant in their external characters, 
but are somewhat smaller; their mode of growth is similar, and so 
also their linear arrangement. In consequence of the formation of 
the above-mentioned powerful acids, the bases of the readily deoom* 
posed urates are separated from the uric acid, which is then thrown 
down in the shape of well-formed crystals. Crystals of oxalate of 
lime may also almost always be detected in this uric-acid sediment. 
Of their manner of origin I shall speak more fully under the head 
of the sediments. {Plate II, Fig. 4.) 

The free acid of the urine, after a longer or a shorter period, at 
length begins to diminish, and then commences the second stage of 
the urine fermentation, the alkaline. The urea is now decomposed, 
and converted into carbonate of ammonia;* the crystals of uric 
acid, which had been gradually separated, disappear, and whitish 
granules of urate of ammonia, as well as prismatic crystals of 
urate of soda, which often stud the dissolving crystals of uric acid, 
in a radiated form, take their place. {Plate 11. Fig. 5.) As the de- 
composition proceeds, and as the alkaline reaction commences, a 

* Beside the carbonate of ammonia, small quantities of other volatile 
bases, — so-oalled substitution ammonias,— appear to be formed. Of these, 
Dessaignes has already noticed one called 

(C, H, 
Trimethylamine N . C, H, 

(C, H, 
which is charaotenzed by its odour of sea-fish. It was observed by him 
daring the dist ill a tion of a large quantity of human urine. 
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put of the ammonia unites witli the phosphate of magnesia of the 
nrine, and large qti»ntitins of beautiful crystals of phosphate of mag- 
nesia and ammunia are thrown down. {Plafe IL Figs. 3, 6.) This 
particular decomposition is closely related to the formation of sedi- 
ments, and I shall, therefore, have occasion to refer to it again. 

The urea ia by far the most important of the constituents of the 
Brine. Wc have ah^ady seen that it is, essentially, the tinal product 
of the retrograde metamorphoses of the tissues. It is the medium 
through which the nitrogen, which has become useless to the body, 
ia again restored to the inot^nic world. Separated from the body, 
P and brought into contact with decomposing and putrefying matters, 
I urea ia readily converted into ammonia and carbonic acid, and under 
these forms becomta food for plants, and so again commences its 
circuit of changes. 

Uric acid stands next in importance to urea, and is likewise the 

I product of the decay of the nitrogenous constituents of the body. 
As a chemical compound, it must be placed above urea, being, by 
oxidation, finally converted into urea and carbonic acid. The 
(quantity of it in the urine is considerably less than that of urea; 
and, unlike urea, it is not found free in the urine, but combined 
with bases, particularly with soda. 
Besides uric acid, we abo meet with small quantities of hippuric 
add in urine. The source of the hippuric acid Ims not yet been 
determined ; but it is very probable that it is formed, like urea and 
uric acid, from the retrogressive metamorphoses of the tissues. In 
addition to these compounds, urine always contains a small 
quantity of xanthine and creatinine — substances wliich are also 
found in the juice of flesh — and colouring and extractive matters, 
of whose chemical nature, origin, &c., we unfortunately at present 
know very little. Of the mineral constituents, the phosphates, 
and especially the acid phosphate of soda, hold a conspicuous place 
in healthy urine. Small quantities of the earthy phosphates, 
phosphates of lime and phosphates of magnesia, and a considerable 
quantity of chlorides, viz. chlorides of sodinm and potassium, 
with traces of chloride of ammonium, are also present in it. Lastly, 
we invariably find, as a constituent of urine, sulphuric acid, which, 
together wilh the phosphorns of the phosphatic salts, ore derived 
chiefly from the sulphur and phosphorus of the used-up proteine- 
compoonds of the body. A certain and, altogether, not an incon- 
ttderabie quantity of carbonic acid, derived from the blood which is 



8 UREA. 

coDdnuaDj ptflBmg tintNigli the kidiieyay higfal? charged with that 
gas, is evaciuted vith the luiiie. 

Traoee of oxide of iron aud of silidc add are also found in the 
ashes of urine. 

Besides these normal — organic and inorganic — constituents, the 
urine may contain pathological and aecidental constituents. Of 
the numerous pathological constituents of urine, albumen, sugar, 
bile, and fat mav be particularly mentioned; they appear in the 
urine as consequences of special diseased conditions of the body. 
The accidental vair much in kind, and are introduced into the body 
either accidentally or designedly. They are discharged from the 
urine either unchanged or after having undergone chemical deocHn- 
positions. They will be specially treated of in the Fourth Fkrt 

We shall now proceed to the more particular consideration of the 
different normal, organic and inorganic^ as well as of the pathological 
aud accidental, constituents of the urine. 



THE NORMAL ORGANIC CONSTITUENTS OF THE URINE. 

section ii. 

Urea. 

(imposition : — 

lu 100 parts: Carbon . . . £0-000 

Hydrogen . . . 6*666 

Nitrogen . . . 46*667 

Oxygen . . . 26*667 

100*000 
(C,0, 

Formula : C, H, N, O,. Rational formula N, H, 

A. Occurrence, — Urea exists in the urine of mamfnahy^ of birds, 
»n(] of r<iptil(;8, but is most abundant in the urine of carnivorous 
animal.s. It is also constantly present in the blood, and often in 
coiiMidtTuble (juantities after extirpation of the kidneys, and in 

Tlie fact of the quantity of urea increasing in the blood after 
extirpation of the kidneys, tends to show that this substance w 
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mned in the blood and uot in the kidneys — thut it is, in iact, the 
iTodnct of the oxidation of uuserviceable nitrogenous materials — the 
Gsalts of the wear and tear of the tissues, aud also of the superfluous 
litrogeDoiis matters, which have been introduced into the blood, 
does uot exist in the juice of musclesj but it may be artificially 
Atained out of certaiu bodies — creatinine, xanthine, hypoxanthine, 
1. — which ore present in this juice. Consequently, we may assume, 
ftt this class of bodies {to which also the uric acid found in the blood 
beloQgs) is converted into urea and other compounds by the action of 
and the free alkalis, and then discharged from the body by the 
idneys. Thus, uric acid, creatine, glycine, allaiitoine, guanine, theine, 
g^tine, and snperfluous nitrogenous nutritive materials, when intro- 
duced into the blood, are converted into urea and other compounds, 
knd BO cause a rapid increase in the quantity of urea in the urine.* 

ITrea u also found in healthy blood, in the amniotio fluid, and in the 
Titreous and aqueous humoura of the eye. Funke and others have found 
it to b« a norma] coD»titueiit of the sweat Wurtz likevise found it in the 
Ijinph and ohyle of different animals. It does not appear to be nomally 
frecent in the muaoles of man, and of the vertebrata generally ; at least nu 
otu has yet suooeeded in finding it there. It probably, however, ex'tsls in 
the miiBoles and organs of many of the lower animals. Notable quantities 
were found by Stiideler and Freriohs in the niusolea, and in almoat all 
the organs of many oartilaginoua lisbes, whilst in the uorresiKindicg parts of 
bony £aheB it waa sought for in vain, 

Urea h found in nearly all the fluids of the body, when its excretion 
through the kidneys u interfered with or suppreaned. Id auab oaae, an in- 
of it is first obserred in the blood, and after that it soon appears in 
roDS exudations ; it has also been found in the bile and the saliva, in 
vomited matters, aud even in pus and milk. Under suah oicoumstanoes, the 
sweat also oontains much urea, so that (.'ven a slight crust of urea may 
•ometjmea remain after the evaporation of the sweat (Scbottin). 

When urea is introduoed into the body it is not decomposed under norma] 
OoaditionB, but is rapidly removed, so that in the oourse of a few minutts a 
diatinst inorease of the urea may be oft«n observed in the urine. Gollois 
aaw a rabbit weighing two kUogrammes killed by 20 grammes of urea ; first 

I muat here call attention to an interesting investigation into the 
physiological action of the spleen and the sources of the urea, by Fiihrerand 
O. Ludwig, in the Archiv fiir Physiolog. Heilkuade, 1860. Heft 3 and 4. 
The anthers offer, as the result of their researches, the following oonclu- 
non : — The urea, during normal nutriUon, is essentially derived from the 
aolntion of the morphotio elements of the blood, and all superfluous food 
inlj) the body occasions an excessive formation and deelmction of 
'tliMa element!. 



of all, it« rcgpirntioii was retarded, then came on wealneas of Uio limb, 
tremblingB, twit«hings, general oonTnlfiann, rigidity, and death. 



The urine of a henlthy man, under mixeJ diet, coiitiiins on an 
average from 2-5 to 3-2 p. c. of urea ; hence, from 22 to 35 grammes 
of it are discharj^ed in the twenty-four hours. The quantity of the urea 
excreted, however, varies much, and ia greatly influenced by the 
weight of the body and the food taken. Lehmnnn found the quan- 
tity of urea to amount to 58 grammes in the twenty-four hours under 
a purely animal diet, and to diminish to 15 grammes under a iion- 
nitrogcnous diet. The urea does not, however, wholly disappear 
from the urine, even when no food ia taken. 

There are several methods by which urea may be artificially pro- 
duced. For example, cyanate of ammonia, which has an elementary 
composition similar to that of urea, is, when heated in solution, 
readily changed into urea. Urea may be also produced from 
creatine, allantoine, alosan, oxamide, and many other bodies. Uric 
acid, when subjected to the action of powerful oxidising agents, 
yields, as ita ultimate products, urea, carbonic acid, and waler. 
Nathansen has lately discovered two other modes of forming urea, 
which seem to indicate that urea is probably an amide of carbonic 
acid. He obtained urea by heating carbonic ether with an excess of 
ammonia J and also by the action of chloro-carbonic acid on dry 
ammoniacal gas. 1 can corroborate both these facts. 

B. Preparnlion : — 1. From- the vrine. — Two volumes of urine 
are mixed wilh one volume of the solution of baryta, as used 
in the quantitative analysis of urea. The mixture is filtered, 
in order to remove from it the precipitate of phosphate and sul- 
phate of baryta, which is formed, and is then evaporated to 
diyneaa in a water-bath. The residue is treated with alcohol, 
and, after filtration, evaporated to dryness. The sabnc products 
thus obtained are treated with pure alcohol. The solntion now 
contains pure urea, wb'ch, on evaporation, crystallises in colour- 
less needles. Should the urea not be perfectly colourless, it 
may be made so by subsequent treatment with pure animal char- 
coal. 

2. From cyanate of ammonia, — Eighty grammes of anhydrous 
ferro-cyanide of potassium are heated over a gentle fire, wilh 
thirty grammes of carbonate of potass, until a portion of the mass, 
on trial, hardens into a colourless glass. The crucible containing 



Uie miitore ia then removed from the fire, and 150 gramnica of red- 
letid an.- ndded to it very gradiuilly, and in small qujintities at a 
time ; the muss is again heated about ten minutes, and kept con- 
ttantiy stirred, and (hen poured upon an iron plate. When it has 
cooled, the crude cyanate of potass is moistened with a solution of 
80 gnntmet of sulphate of ammonia in 400 to 500 grammes of 
water, and when all of it is dissolved, the solntion is filtered and 
evaporated to dryness. The dried saline mass is then treated, and 
several times digested, with small portions of alcohol (100 to 200 
^nimes, 30j) ; the solution ia filtered, the alcohol separated by dis- 
tiUatioii, and the residue then left to crystallise. 

C. Microscopical charaHem. — Wlien pure urea is rapidly depo- 
sited from a eoncentrated solution, it appears, under the microscope, 
in the form of white, shining, silky needles. But when the crystal- 
lisation takes plac« slowly in a weak solution, beautiful silky, white, 
nearly transparent, ahining, striated, four-sided prisms, terminated 
by one or two oblique facets, are formed. fPunke, Flate 77. 

D. Chemical ciaraclerg. — Urea has a bitterish, cool taste, resem- 
bling that of saltpetre. Ita crystals contain no water, are permanent 
in tlie air, and readily dissolve in water and in alcohol. Its solu- 
tions are neutral. In ether it ia almost wholly insoluble. 

1. "Wlien urea ia moderately heated on platina, it melta and gives 
off ammonia ; but when the heat is increased it becomes solid again, 
takes a brown colour, and is at last completely consumed, leaving 
no trace of carbon behind. 

When the heat is carefnlly applied, much ammonia is given off at 
ISO* to 160° C. (302* to 320" Fahr.) ; and the remains of the pre- 
viously melted urea harden into a mass of cyanuric acid 3 {C, H, 
N^ 0\) = (C, H. N, 0, + 3 N II,). with which are mixed amaU 
quantities of other products of the decomposition (ammelide C, H, 
N. 0. and biuret C. H. N, 0.). 

2. Urea is decomposed when heated with strong mineral adds, 
with snljjhuric acid, for instance, or with caustic potass or soda, 
two equivalents of wat^r being added to its elements, and carbonic 
add and ammonia formed. (Quantitative analysis by Bagaky and 
Heintz.) It also undergoes a similar decomposition, first, when 
■we add to its solution putrescibic organic nitrogenous matters — the 
caodo of the alkaline fermentation of the urine — and, secondly, 
when it has been exposed for a long time iu a closed tube, to a 



tempernture above 100" C. (Pahr. 212"). (Quantitative aiialpis 
by Bunsen) C, H, N. 0, + 2 H O = 2 C 0. + 2 N H,. 

3. When nitrous acid, or a solution of nitrit* of suboxide of 
mercury in nitric acid is added to a solution of urea, tbe urea is 
converted into water, carbonic acid, nitrogen, and atnmonia. (Liebig, 
Wiibler, Ludwig, and Krohmever.) C, H, N, 0. + NO, + N0„ 
H0 = 2C0, + 2N + NH. 0, NO, + HO. Consequently 
1 gramme of urea causes 1"2 gramme of gaa to be given off. 

i, A solution of urea heated with nitrate of silver yields an in- 
soluble deposit of cyanate of silver, and tbe solution contains nitrate 
of ammonia. By this method we reconvert it into the same cora- 
binatiouH (cyanic acid and ammonia), from which we obtain it 
artificialty. 

5. Oxide of mercury forms several definite combinations with 
urea, in which, according to circumstances, two, three, or four 
equivalents of the oxide of mercury are combined with one equivalent 
of urea. Oxide of silver forms a similar combination with urea, 
tiiree equivalents of the oxide uniting with one of urea. 

6. A solution of nitrate of mercury, added to a solution of urea, 
yields a white flocculent precipitate, the composition of which \'aries 
wilh the degree of concentration of the fluid. The precipitate may 
have a composition answering to either of the following formula : — 

NO^Ur + 2UgO ^M 

or NO^Ur + SHgO ^B 

or NO^Ur + 4HgO 

Corrosive sublimate, on the other hand. Decisions no precipitate 
in weak acid solutions of nrea ; but in an alkaline solution it does 
po readily. Liebig's quantilative determination of the urea and of 
the chlorine is founded on this fact. 

7. Urea mixed with a solution of hypochlorite of soda is con- 
verted into nitrogen, carbonic acid, and water. The carbonic 
acid is rapidly absorbed by tbe ley, so that tlie quantity of the urea 
may be determined directly by measurement of the nitrogen. (Davy.) 

8. Urea, in an alkaline solution, energetically resists the oxidising 
agency of hypermanganate of potash; on the other hand, in hydro- 
chloric acid solutions it readily decomposes, especially when heated, 
and is converted into cajboriic acid and ammonia. This property 
of urea tends to indicat* that it is the final product of the retro- 
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imave metamorphoses of the tissue? ; for in an alkaline solution, 
nd to, thnrcfore, in nonnal blood, it ib not oxidised by oxidising 
Ignts. Herebv, also, it is essentially distingtUBhed from uric acid, 
guanine, &c., which are, in n manner, one atep higher in 
on. Urea also remains unaffected when in contact with 
cnae, under vhose influence uric acid is rapidly decomposed and 
DM pmdaced. 

9. Jast as lire!! arises from the union of cyanic acid and ammonia, 
■> Hiewise are compound ureas — combinations perfectly analogous 
lo <Hrdinary urea-compounds — formed when cyanic acid is com- 
liiiied with the homologous bases of alcohol radicles instead of 
amnxmia, for example, with etbylamine : 

Thus, N [ H instead of with ammonia N | H 

'h 'h 

^ese combinations exactly correspond to urea, excepting only that 
k put of the hydrogen is replaced by the alcohol-radicles — for 
n^ple, by ethyl C, H^ by methyl C, H^ &c. 

l^ms, we have : 

H 



Urea . . . C. Un.O. 



i 



Elhjl-nn 

Din.HhjI-un-.. C, ] C, H, N, 0, 



H' 
H 

''• I 3 H N, 0, 

(C. H. 
C, C 



ElUvlmrthjI.urea C, C, U. N, O, 
'2 H 



AO th»e iximpounds resemble iirea; they yield, with nitric aciii, 

Iltcult of solution ; and by the action of potaeh two eqaiva- 
t decomposed into c&rbonie acid and two equivalents of base, 
inapla : Ethjl-uiea C. H, N, O,.— 
H.N,0, + 2HO = 8CO, + n!h + N H 



(Ethylamine). 



The Uomeric dimelbjl-uroi again jnt-lck : — 



1 C. H. 



C. H. N, O, + 2 U O = li C 0, + 8 N 



I' 
(MethTl&min^ 
10. Urea forms crysUUis&ble coiu{>ouuda vith nuoj salts — with 
iTosive subliinatf, chloridt; of sodium, nitrate of lime, clilohdi: of 
cKiciumj &c. It Likewise produces, with manv acids — such as suc- 
cinic, tartaric, citric, and gallic adds — as veil as with inorganic 
acids, crjstatlisable salts, two of which, the nitrate and oxaJatf, 
are of especial interest. 

o. Mtra/-e of urfa.—C, H. N. O^ N O^ H 0. A tonoentraled 
solution of urea, mixed with pure moderately coocentratL-d nitric 
acid, free from nitrous acid, throws down, on cooling, white, shining 
plates or scalcG. These are for the most part sin^e, bat some 
of them are massed together, overlying one another. 

W^hen the qtiuotitT of urea ia smaU, the formatioD of the salt ntaj he 
observed under the mierascope, and in the foUowing way : — one end of a 
little bit of thread is kid in the drop which is to be tested far urea ; iht 
drop itaelf and one-hall' of the thread is then covered with the glnsa, and tb« 
other end of the thread moistened with a drop of pure nitric acid. In this 
way, two fluids being gradually mixed together, the fonnatioii of crystal* 
goes on very regnlarly on both side* of the ihread which is under the glsM: m 
that we can examine the crystals during formation. First ot all, we obserre 
rhombic ptates or short priimB, whose acut« angles measure 82°, as well as 
numerous complicated forms. The forms by removal of their obtuse anglea 
and by HaUeaiug are converted into heiagoual plates or six-sided prisms. 
The development of these crystals, however, only goes on regularly whea 
the processs is slow. When the crystallisation is rapidly coaducted numerous 
all-aided tile-shaped plates, superimposed the one on the other, are formvd. 
Obtuse octahedra with a rhombic base, of slight durability, and liaviog an 
acute angle of 8'2°, are also frequently formed at the moment when the 
two fluids come in contact ; other orystab are also rapidly depo-atod on 
these, and hence the primitive uotahedra pass into the rhombic or hexa- 
gonal plates before-mentioned. Lastly, we notice very choracteristia twin- 
arystoL!, which, from a peculiar arrangement, dilBcult of description, rvsult 
in crystalline formations, which very closely resemble the well-known fomu 
«f tCypaum. (Plate II, Fig. 6.) 

This salt remains unchanged in the air, dissolves freely in water, b 
not readily in water mixed with nitric acid, and scarcely at i 
'n alcohol containing nitric acid. Rapidly heated on platina-foilil 

ind at 140" C. {Palir. 284*) is decomposed i 

IB oxidei, urea, and nitnilc of ammonia. 



mixing a concentrated solution of nitrate of urea w^ith oxalic 
mi, the second compound, oxalate of urea, is prcci])itated. 

6. Oiaiaie of urea.— 2 (C, H^ N, 0,), C. 0, + 4 H 0. This com- 
pnnd, also formed by the mixture of oxalic acid with a concentrated 
nhtioii of urea, ia deposited in the shape of long thin plates or 
pnms. When the formation of the crystals is observed under the 
■ienwcope, they usually appear io the form of hexagonal plates. 
Eke those of nitrate of urea, and, more rarely, as four-sided prisms. 
(Pimke, Plate II. Fig. 6.) 

Oxalftte of urea dissolves re^ily in water, but is precipitated 
from its solution on the addition of an excess of osolic acid. It 
it deoonpoBed by heat into carbonate of ammonia and cyanuric acid. 

B. TeaU. — ^To demonstrate the presence of uiea in urine, it is 
(officieiiL, in most cases, to evaporate a small quantity (15 to 20 
gtammes) of urine to the consistence of syrup, in a water-bath ; this 
Koidae is then repeatedly washed with alcohol, so long, in fact, as a 
drop of the solution, evaporaled on a watch-glass, leaves any trace 
brtund it. The urea is now contained in the alcoholic solution] and 
vben the spirit has been driven off in a water-bath, is left as a more 
or less impure residue. Dissolved in a little wat«r, and treated 
partly with pure nitric acid and partly with a concentrated solution 
of oxojic acid, it forms the two above-mentioned compounds, 
Vniea very minut« quantities are used, the crystalhsation of nitrate 
ei om may be observed under the microscope — the crystalline forms, 
detcribed above under the bead of Nitrate of Urea, being produced. 
Any albmnen contained in the urine must be first of all separated by 
the addition uf a drop of acetic acid and boiling; the solution is 
then filtered and treated as already described. This process must 
■Jv&ys be followed when utca is sought for in the blood. 



SECTION m. 

Creatine. 



E '^imposition : — 
In 100 parts: Carbon . . 
Hydrogen 
Nitrogen 
Oxygen 
(Anhydrous) 
la: C. H. N. (). -f a HO. 



. 3fl-64 
. 6-87 

. 32-oe 

. 24-4.'5 

100 dob 



I(i CREATINB. 

A. Oi-cnrretu^. — Crearine is fannd in the'juic^ of muwIeaV 
stripeii and unBtriped, in qoantities varying from 0-07 to ' 
Scherer found only 0*0388 p. c. in horw-BMh. According Jo 
Verdeit nnd Marwt lrac«s of it csist in tbe blooi). W. Miiller ami 
Ijcrch also found it in the brain ; bnt it Las not yet been discowxwl 
in the glnndul&r organs. With regard to its presence in the orice, 
the reader is referred to what is said under the head of Creatitiine. 

Little positive is known concerning the physiological import of 
creatine. It^ presence in the juice of ninacle, and its higldy 
nitrogenous composition would lead us to regard it as au important 
agent of nutrition ; but its ready conversion into urea, crcotiuinc, 
and sarcosine (oil of which are nndonbtedly to be con^dered as 
excretions), gives to it rather the character of an excretion, holding 
a position, in the stages of retrogressive tissue-metamorphoses some- 
what midway between the moat complex proteine-bodies, and the 
simpler forms (urea, &c.). Creating therefore, is more nearly related 
to urea than to proteine-bodies. 

B. Preparation. — Fleah finely chopped, or rnbhed down with 
rough glass-powder is mixed with an equal, or one and a-balf timti 
its volume of spirits of wine, gently heated in a water-bath, and its 
fluid then expressed. The spirits of wine is first of all distilled off 
from this fluid, and the remainder carefully precipitated by acetate of 
lead. The filtrate is then freed from lead by sulphuretted hydrogen, 
and, when separated from sulphide of lead, is evaporated to the 
consistence of syrup in a water-bath. The cry.itids which sepsnte 
jre collected after an interval of a few days, freed from their mothow 
ley by being laid on blotting-paper, and then crystallised out »if 
hot water. 

c. Microgcopic ciaracteri. — Pure creatine forms colourlesa, pa* 
fectlj transparent, glistening crystals, which belong to the mooo- 
clinic Bystem. (Funko, Plate lit. Fig. 1.) They lire ustuQy 
disposed in groups, somewhat similar to those assumed bv sogw of 
lend. 



L ToWB 

^^— ftnd 



Wheo a dilute Boliiliun of oroatine ia placed io b ooncave obj#ot-claH, 
and allowed to evaporate sjiontaneoualy, we first observe at the border (if 
the fluid n formation of \o\iif, prismatio cry stala, whioli are tliiekest at tlitir 
free extremitieB, and gradunlly beoome thinner towards their other nnilt 
Tawnrdi the centre of the fluid very regular orystals ore gradnally fwg 
ftnd in jiarUoulir jnianiB, whioh are often uniied logpthtr 
anglM in a fan-like tbape. A few oryBtalB liere and there in theB 
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pmeat a ohvaoteriatio bulgiag-out, aiiailar to that ot laotato of lino : tbem 
bvoonve thinner towards their extretaities, aad are boanded by two pkia 
•urfmoes. There also often appear thiok, apparently reotaagulnr plutee, sonift- 
ttmea aingly, and sometinies in larger numbers. 

D. Cksmicai cAaracten. — Creatine has a bitter, pungent taste. 
It (lissolvea in 75 parts of cold water. Boiling water takes up a 
much larger quantity of it, but as it cools, the creatine separates in 
the form of shining crystalline needles. Alcohol takes up only 1 in 
9110 ports ; and iu ether it is completeIy_ insoluble. Its aqueous 
ei^ation has no action on vegetable colours, has a bitter taste, and 
serjr readily undergoes decomposition. Dessaignes lias recently 
succf^ed in forming crystallisable compounds of creatine with 
sulphuric, hydrochloric, and nitric acids, 

2. WTien creatine is boiled for a long time in a solution of barytnj 
it b conviTled into urea and sarcosine : 

C, H„ N, O, = C, 11. N; O, + C, H, N 0. 
(creatine) (urea) (sarcosine) ; 

utd if the boiling be continued still longer, the urea is changed 
into carbonic acid atid ammonia, the ammonia escaping, and the 
carbonic acid uniting with the baryta. The sarcosine may be 
obtained, though with difficulty, in the form of colourless crystals. 

3. Creatine dissolves without cliange in dilute mineral acids; 
bat when boiled in concentrated acids, it gives off water, and is 
converted into creatinine : 

C, H„N,0, — 4H0-=C. ll,N, 0, 
(creatine) (creatinine). 

\. Chloride of zinc produces no precipitate with perfectly pure 
creatine. (Schlossberger). 

5. Creatme is not affected by the action of peroxide of lead; but 
it U decomposed by permanganate of potass; the products, how- 
ever, of this decomposition are, with the exception of carbonic acid, 
ookuown. It \a possible that area may be one of the producls 
fbrmed. 

fl. When a solution of creatine is boiled with an excess of oxide 
of miircuTy, carbonic acid is evolved with separation of metallic 
mercury, nnd the solution contains the oxalate of a powerful base of 
methyloramine (C. H, N,), which, according to Dessaignes. is to 
be considered as a conjugate of urea and methylamine, effected with 
wpuratinn of water. 



1 
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C, B, N, + 2 H O = C. H, N. O, + N I J "• 

(Mettijlaminr}, 
I B. Tei(s. — (See Creatinine.) 



SECTION IV. 




CEEAmnNB. 




In 100 parts: Carbon . . . 
Hydrogen . . 
Nitrogen . . 
Oxygen . . 


. 42-48 

6-19 

. 87-17 

. u-ia 






100-000 
rmula : C. H, N. 0,. 

A. Occurrence. — Creatinine is the most powerful organic bus 
witli in the body; it was first discovered by Liebig in the crystal- 
line precipitate, which Heintz, and after him, Petleiikofer, obtiined 
by the action of a solution of chloride of zinc on concentrated nrine. 
Liebig fonnd creatine, as well as creatinine, in this chloride of zinc 
compound, and was consequently led to the eonclusiou that both 
these bodies exist originally in the urine, Hciniz, however, after- 
wards showed, by carefully-conducted experiments, that freah urine 
does not contain creatine. He found that the creatine is formed 
throi^h the decomposition of the chloride of zinc compound, tie 
creatinine of which takes up water and is converted into creatine. 
This view has been since confirmed by Liebig and Dessaignes. 
Again, creatine is readily converted into creatinine by abstmction of 
its water, and therefore the creatine winch is always foniiil in the 
juice of flesh, may be converted into creatinine by the loss of water 
either in the fle!»h itself or more probably in the blood, and thus ht 
eventually discharged with the urine in the form of creatinine. 
Lehmanu considers, rightly enough, that further investigation w 
,uired to show whether the creatine of muscle is invariably tmn- 
led into creatinine, and thus evacuated, or whether it may not 
the formation of urea ; the latt«r view is in some de^froe 
ivoured by its ready conversion into sarcosiiic and nrca when boi 
with baryta-water. Dessaigiies, on the other hand, is of ojn 
thai the juice of muscle originally contains creatinine only, lik«fl 
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Wme; and th&t it is only aller its separation, and under the long- 
coDtinaed action of hent, tlwt the greater part of it is converted into 
ciratioc in tlie ncntral fluid. But this view 1 cannot accept. By 
Sln(Ii4cr's new method, creatine is obtained from muscle so readily 
and in such a pnrc state, that it is difficult to conceive how, in so 
^ort B time, the greater part of the creatinine can be converted into 
erestinc by the taking up of wafer. 

According to my own observations, 0'8 to 1'3 gramme of crea- 
titHne is passed by a healthy man, living on a good mixed diet, in 
HI BTerage quantity of from 1500 to 1600 C. C. of urine, during 
the twenty-four hours. 

Vcfdeil and Uan^t found creatinine in the blood na well as in the urine 
nf tniti and ibe juice of muscle ; SocolofF found it in the urine of horses 
md of suding-cSilveE ; Dessaignea, in the urine of the oaw ; I.iehig, in that 
of the dog. Aoeording to Soberer, it is also present in the amniotic flaid. 

B. Microscopic eharaclert. — Creatinine crystallises in Ihe form of 
rarjr glistening, colourless prisms, which belong (o the nionoclirio- 
mctric system. (I'unke, Plate III. Fig. 2. Zud Edit. IV. 5.) 

c. ChemU-al charariert. — Creatinine forms the strongest organic 
bo»e met with in the animal kingdom. ]t.<! taste is almost as pun- 
gent M that of ammonia. It is soluble in eleven parts of water, at 
I£* to 40" C. (Fahr. 54° to 68°), and in a much less qnantity of 
boiling water, 100 parts of cold alcohol dissolve about one part of 
crotinine. Boiling alcohol takes up a larger quantity, which is 
aeporatfd again in crystalline masses, as the alcohol cools. JOther 
dissolves only a very small quantity of it. Its solutions have a 
strongly alkatine reaction, and a caustic tast«, like that of dilute 



Craotiniite behaves like a uitrile base ; it uuitoa directly with I eq. of 
iodide of ethyle, and no passes into iodide of ethylc-orpatinine, from whioh, by 
treatm^ntwitb oxide of silver the ethyle-creatinine is aepamted as a powerful 
haie, and may be obtaioed in a crystalline forin. 

1. A coneentrated solution of chloride of zinc, added to a solu- 
tion of creatinine, immediately throws down a crystalline precipitate. 
When v«y slowly formed, the crystals are distinctly prismatic ; but 
when quickly producwl, and as seen under the microscope, fine 
needlre are observed concCTitrically gronpevl logrther, forming either 
perfect rosettes, or luft^ which cross rath nther, or nf which ■■;ich two 
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rf rrii-Tif^tiei vy ui*!r" sL in fOjJks, fo as to resemble brushes pass- 
znr :»iK zm-: i*3t xiifr. 

'K'liiiL g*'.fcrrr.7Hf it wnBTLSed Vr eblonde of fine £rom the watery extrtot 
of -LTUti^ itit puiLTKiLJid 2i' n'tcaiikfd fnr iLe ntoct put in the form of dark 
wMTTx TLaatu^ ^wri^tiL istiPW verr Lisle of a errsulline stmcture even noder 
Titt lufiTMifrriit. Srazif4i;ixn£&. Lcwerer, diidnct ciTstaliine glands, fine 
iiH*£ji^ T^Lz'ivL laci'umr ir ItrD^k-Hke aad «t«llate maaees may be recognised. 
TTim. Hxh aiKOiiibf £X£ran cif nrrot-. pR«i|dtated with an alooholio solution 
nf {oJrriSf c' rinr.. litf- oressazmu^-eihloride of zino compound is alwajps 
orc&ixHC zr ixit inuL of & pUK x-eaovish powder, which, under the micro- 
Boopp, 2t iitUAZ lu- rrousSiu &lm«s whollr of yt-llowish, transparent, well- 
de!£iH^ p.*':>iJe» or :iiul» ii diStrem szes. Upon these globules, under high 
manifv nut T»rwtrt ^y* iikiwjwV dutisrtlir-i&arked strise are observed. On 
di«u2TT!if s Insjf k iLf powaf? in bcilrnc water, the production of regular 
gjitMaii . JT) * fv'ffiu xEfiT ^lE- c>bserretd under the microscope. A drop of the 
scO^iaosi. wber z>f*Ar:T KuL is |uA«*d upcn the object-glass, and a little solu- 
tico ci tilcriat :<f ziziir a£a«d t«^ it by mtans of a thread, and in the manner 
aboTf^eMTitie^ i^oer ibe li«ad of ^itnle of Urea, p. 14. The formation of 
errs^ralline elands. aIm.iT described as diaracteristie of jcreatinine^hloride 
of zincL of^€n of coiisiderahje ore, is soon observed on both sides of the 
thread. 

£. A moderately concentrated solution of creatinine^ mixed with 
an equally concentrated solution of nitrate of silver^ coagulates into 
a network of acicular ciystals, which are soluble in boiling water, but 
separate from it as it cools. 

8. Corrosive sublimate throws down a curd -like precipitate, 
which in the course of a few minutes is converted into a confused 
mass of fine colourless cnrstals. 

4. A solution of protonitrate of mercury does not at once produce 
a precipitate in a dilute solution of creatinine ; but if a solution of 
carbonate of soda is added guttatim until it becomes permanently 
cloudy, the compound (C, H, N, 0„ N O, + 2 Hg O) soon ap- 
pears in the form of beautiful microscopic crystals. The precipitate 
is readily formed in concentrated solutions; and, if no free nitric 
acid is present, without the addition of soda. 

6. Ammonia is evolved when creatinine is heated with an ammo- 
niacal salt. 

6. Creatinine forms with hydrochloric, nitric, and sulphuric acids, 
compounds which are soluble in water, and crystallise readily : — 

a. Hydrochlorate of creatinine crystallises in the form of transpa- 
rent prisms and broad plates. With bichloride of platinum it yields a 
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OompooDd srimiUr to that vith potash and ammonia; but ttiia com- 
poand is verv soluble and crystallises in crimson prisms. 

i. Sulphate of creatinine yit'lds concentrically grouped, trans- 
puent, square tables. 

It is especially to be noted that creatinine- chloride of zinc — the 
D)0«t important compound of creatinine — is not precipitated from 
Bjdrochlorate of creatinine, &c., on the addition of a solution of 
chloride of zinc. The separation, however, at once takes jiliice, if, 
before the addition of the chloride of zinc solution, a sufficiency of 
■cetate of soda is mixed wilh the creati nine-salt. 

7. Under the action of protoxide of mercury, peroxide of lead 
■nd salphuric acid or permanganate of potash, creatinine, as well as 
creatine, is converted into oxalic acid and oxalate of methyluramine 
(C, H, N, O, + 4 = C. H, N, + C, 0,}. 

8. Creatinine is produced from creatine by the action of mineral 
acids, the creatinine losing 4 equivalents of water. But when a solu- 
tion of creatinine, in which an alkali is present, is aUowed to stand for 
aome time, the creatinine takes up water, and again passes iuto the form 
of creatine. Heat favours this transformation. (Liebig, Dessaignes.) 

D. TcsU. — As urine contains only a small quantity of creatitune, a 
Ui^ amount of the fluid is required for its successful demonstration. 
In most cases, however, from 200 to 800 C. C. suffiee for its quali- 
tative analysis. Fresh urine is neutralised ivith a little milk of lime, 
and the phosphoric acid then thrown dowTi by a solution of chloride 
of calcium. The precipitate is separated by filtration, and the filtered 
liuid quickly evaporated to dryness in a water-bath. The residue 
thus obtained is extracted with strong, or, best of all, with absolute 
mlcohol, allowed to st-and for some hours, and filtered; the clear 
fluid is then treated with a few drops of a concentrated solution of 
chloride of zinc free from acid. The mixture, after being well shaken, 
soon becomes turbid, and the separation of the creati nine-chloride of 
line is completely effected in forty-eight hours. The compound is 
washed on a filter with spirits of nine, dried, and microscopically 
examined. (See C. 1.) 

To obtain the creatinine in a pure state, the compound is dissolved 
in a small quantity of boiling water, and the oxide of zinc and hydro- 
diluric acid separated by boihug the fluid for at least a quarter of 
an hour with freshly-precipitated and well-washed hydrated oxide of 
lead. The fdlered liquid is rendered colourless by boiling with 
animal charconl, and evaporated to dryness. The residue, which 
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always amsisia of a mixture of creadnme azui txaaat, h thai treated 
with cold strr>ng spirits of wine, wkerebj xht ti r jimin e is dis8ol?ed 
and the cn:atiiie left. On erapondon of this spuiniaos soliitioii ve 
obtain pure CTystals of crtatinine; the cicacizhe majr also be readily 
obtaim;d in a pure form from the part of ifae reaaine vhich was in- 
soluble in alcohol^ by re-crystallisatioQ, oat of a bttle boiKng water. 
It nhould be obsened^ however, that when a Terr dilate solution of 
cn^tininochloridc of zinc is treated with oxide of head, ciesttiiie alone, 
and no cn^tininc whatever is found in the residiie. The creatinine, 
in a dilute solution and under long exposure to heat, passes again 
into the state of creatine by taking up 4 equivalents of water. 

Hhould the urine operated upon contain albumen, the albumen 
must be pn;viously separated from it by coagulation. 

Cn^jitinine is distinctly characterised by its strong basic properties, 
by its rondiiK^ss to form double compounds with metallic salts, and 
salts with waAh. It is, moreover, distinguished from creatine by its 
mnr;h ^rcak'r solubility in alcohol, and by the form of its crystals. 

T\ui cliara(/'t(:rs of creatine are not so well marked ; we have, in fiact, 
tio other more* certain test of it, than what we obtain through a com- 
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SECTION V. 




Xanthine. 




Coni|)OHiti()n : - 




In 100 parta: Carbon . . . 


. . 39-5 


Hydrogen . . 


2-6 


Nitrogen . . . 


. 36-8 


Oxygen . . . 


. 211 



100-0 
Fonnulft: O.JI, N^O,. 

A. Of vv/rr<f//rr».- -Xanthine, until recently, was oidy known as a very 

run? const it-Uiint of c(!rtain urinary calculi. Scherer and Stadeler 

have, however, now shown that it is \ridely distributed throughout 

the aniinul economy. Scherer found xanthine in the human urine, 

in th(; Hplecjn, the pjincreas, and the brain ; in ox's liver, the thymus- 

gland of the calf, nnd the muscles of the horse, of the ox, and of 

flshes ; he also found it in an enlarged spleen and in the liver, in a 

case of yellow atrophy of the liver. The xanthine was generally 



fotmd aaeocialed with bypoxanthine, aad in the spleen, the liver, and 
tbe brain, with uric acid also. 

B. Micro»ciipic chararters. — Xautliine is amorphoas, and presents 
no CiTstalline form under the micruscope. It is usually deposited, 
from its boiling watery sulutiun, in the form of colourless flakes, 
mnetitues also as a fine powder, presenting the appearance of miuut£ 
ronndiah gTuiiu]ei> under the microscope; these granules, in the 
flocculent ^recipilate, are grouped together, and in the powdery pre- 
cipitate rem^i sejuirate. 

C. demica/, cAirocitfr*.— Xantliine forms hard white masses, 
which assume a shining, waxy appearance when rubbed with the 
nail. It is almost insoluble in cold, but slightly soluble in boiling 
water. It has been artificially prepared from guanine. 

1. Xanthine is soluble in autinoniu, potash-ley, and in bjdro- 
diloric, intric, and sidphuric acids. From the alkaline solutions it 
is precipitated on the addition of an acid ; and with the acida it forms 
crystalline compounds. 

2. A cold, saturated aqueous solution of xanthine, treated with cor- 
rosive suhhmate, yields a white precipitate. When boiled with 
Bcetatc of copper, yellowish-green flakes are thrown down. Its 
ammoniacal solution is precipitated by cliloride of cadmium and 
eUoride of zinc, as well as by acetate of lead. This last precipitate, 
on standiiur, often takes the form of shining scales, 

3. Kitrat« of silver, added to the nitric acid solution of xanthine, 
oocaaioas a flocculent precipitate, which is dissolved by boiling, and 
again precipitated as the solution cools. The silver-compound, when 
qaickly cooled, shows, under the mitToscupe, a confused mass of fine 
crystalline needles ; when slowly cooled, however, it yields wavellite- 
liJte aggregations of fine crystals. 

Nitrate of silver, added to an ammoniacal solution of xanthine, 
prudQeus a gelatinous precipitate, which is insoluble in ammonia. 
C„U.N.O.-HJAgO. 

4. Xanthine, when heated with nitric acid, is dissolved without 
evolution of gns. The solution ou evaporation yields a yellow 
rodduc, which is not rendered purple by ammonia; caustic potash 
gives to the residue a reddish-yellow colour, which becomes a beautiful 
violet- red when heated. 

5. Xanthine dissolved in hot, strong hydrochloric acid, yields, if 
allowed to cool slowly, beautiful microscopic crystals of hydrochlorate 
of xanthine, wliich form sin-sided plates, Ijing together iu groups 
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a&d giandalir mftssies. Ten* frequently, however, only ronnd and 
f^-sinped forms air met with. The nitrate has a similar, thongh 
Dot sio Aaraag riiri c a fonn of cfrstaUisation ; and here, again^ we 
observe paitds of ihomlHc plates and prisms. 

D. T»t4, — Fresh, healthy urine, in quantity not less than from 
100 to £00 (aoandsy is eraporated in a water-bath to from one-siith 
to one-eighth of iu original volume, and its phosphoric acid re- 
moved It prrcipiution with baryta- water. The filtrate is again eva- 
porated until the salts are aystallised out of it ; the mother-liquor 
thus obudned is then wiell diluted with water, a solution of acetate of 
copper aided, and bo3ed for some time. A dirty-brownish precipi- 
tate is thus obtained, whidi is first decanted and then washed on the 
filter with cold water imtil aU chlorine-reaction has disappeared. By 
treating this precipitate with hot nitric acid, we obtain a brownish 
solution* ^^m which the impure xanthine^silver compound is preci- 
pitated by nitrate of silver. The crystalline compound, after being 
washed, is dissolved in boiling dilute nitric acid; any remaining 
flocculi of chloride of silver removed bv filtration, and the filtrate set 
asivle and allowed to crvstaUise slowly. The collected crystalline 
silver-compound is fr>eed from nitric acid by digestion with an am- 
moniacal solution of silver; the waited precipitate diffused through 
water, boiled, and the compound decomposed by sulphuretted hydrogen. 
The boiling filtered solution deposits, when concentrated, coloured 
flocculi of xanthine, and the it^mainder is obtained by further evapo- 
ration. The preparation thus obtained is, however, always much 
discoloured ; but by solution in strong hydrochloric acid and treat- 
ment with animal charcoal, the purification is readily effected. 
The filtrate, thus freed from colour, yields, when evaporated, hydro- 
chlorate of xanthine, from which pure xanthine, with all its peculiar 
characters, may be obtained by repeated treatment with ammonia, 
and by subsequent remo>*al of the chloride of ammonium by washing 
with cold water. 

The quantity obtained is, after all, very small ; from 600 pounds 
of urine I collected, after previous removal of the creatinine, very 
little more than one gramme of pure xanthine. 
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TJeio Acid. 




ComposiUon : — 




111 100 parts: Carbon . . 


. 35-7U 


Hydrogeu . . 


. 1191 


Nitrogen . . 


. 33-338 


Oxygen . . 


. 19-018 


"Water . . . 


. 10-714 



100-000 
yonimla : C„ H, N, 0. + 2 H O. 

A. OceuTTsnce. — Uric acid is [ireseut in the urine of entire classes of 
■oimalfl, and in some animals of & very low class. The excrements 
(rf birds (guano), of snakes, of reptiles, and of insects, contain inacii 
uric acid. It liaa also been fuund in the blood, especially after 
estnpBtiun of the kidneys, by Strabl and Lieberkubu,* and more 
recently by Garrod.t According to Garrod, the quantity of it in 
tbe blood is always increased in cases of gout. Moreover, it has 
been found in the splecD, the parenchyma of the lungs and the 
liver of the ox, as well as in gouty deposits. 

The quantity of uric acid in human urine depends leas upon the 
nalarc of the food than upon sjiecial couditions of the internal 
organs of the body; in this respect it differs from urea. The 
(jDiintity of uric acid excreted in twenty-four hours by a healthy man, 
under uormiil circumstances is, according to Bccquerel, between 
0'495 and 0'537 gramme. In some experiments wliich I lately 
made on a vigorous young mau, twenty-three years of age, 0'827 
gnmme of uric acid was passed in twenty-four hours, with 36'4 
gtwnmes of urea in 2,000 C. C, of urine. Further observations have 
sbown me, that the quantity of uric acid differs much at different 
times, and may vary as much as from 0-2 gramme to 1 gramme 
in thetwcnty-four hours. According to Haake, the relative quantity 
of the uric acid to the urea varies from as 1 : DO to 1 : 80 in the 
twenty-four hours. An increase of uric acid in the urine is caused 
especially by derangement of the digestion, and also by defective 
nutrition. It is, likewise, increased in all febrile conditions of 
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the body, and in aifectiona of the lungs. The ready deoompositioiL 
of uric acid by oxidising agents seems clearly to indicate^ that its 
origin in the body has a close connexion ^ith the respiratory process. 
Many facts favour this idea. Liebig^ when he discovered cyanuiic 
acid in the urine of a dog, observed^ that no uric acid whatever was 
present in it ; but Lehmann^ on the other hand, has distinctly de- 
monstrated its presence in the blood of a dog. Such a condition, how- 
ever, undoubtedly occurs in other animals : in the urine of the pig 
and of the monkey, for instance, neither Bossingault nor Bibra 
could find uric acid. 

Much smaller quantities of uric acid, exist in the urine of car- 
nivorous animals than in human urine ; Yauquelin,''^ indeed, found 
the urine of a lion, entirely free from uric acid. According to 
Lehmann, however, when tliis animal is deprived of its freedom, and 
shut up for a long time in a cage, uric acid appears in considerable 
quantity in its urine, — as happens to man under like conditions^ — 
and is separated from the urine as an acid urate of soda. Stadeler, 
moreover, has succeeded in demonstrating the presence of allantoine 
in dog's urine, when the respiration of the animal was impeded. 

Uric acid, when introduced into the healthy body, is converted 
into carbonic acid and urea; but shoidd the oxidising processes of 
the body be in any way retarded, as happens during sleep, it wiU 
also produce oxalic acid. Uric acid may be considered as a twin 
excretion ^ith urea ; but its more intimate constitution has not yet 
been ascertained, notwithstanding that very great labour has been 
bestowed upon the subject. A series of highly interesting products 
of its decomposition have, however, been discovered. This much 
we may conclude, from the chemical characters of uric acid, viz., 
that it is, like creatine, one of the representatives of the retrogres- 
sive metamorphoses of the nitrogenous constituents of the body ; 
and tliat it stands higher in the scale than urea, being itself, by 
oxidation, converted into carbonic acid and urea. That it under- 
goes, at least in part, similar changes in the animal organism, ap- 
pears almost certain from the demonstrated fact of the presence of uric 
acid in the liver and spleen of herbivorous animals, in whose urine 
it is entirely absent. 

B. Freparation. 1. From humun urine. — Urine freshly voided 
in the morning, is filtered and mixed with hydrochloric acid (20 C. C. 
to 1 litre of urine), and allowed to stand for forty-eight hours. 

• 6ohweiger*8 Joum. V., p. 175. 
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jne nrio add is, in this manner, separated in crystals, more or less 
eolouretl, anil fitted for microscopic study. 

S. From the ej-cremenia of terpenta. — The fajces of ft serpent are 
boilod with a solution, containing one part of caustic potash in 
twenty parts of water, until tliey have lost their amnioniacal smell. 
Culionic acid is thoti passed through the filtered solution, until it 
lus almost entirely lost its alkaline reaction ; acid urate of potash is 
thus separated, and is collected and washed witli water. After 
wuhiug, the pota«h-salt is dissolved in a solution of potash, and 
then filt«red into dilute hydrochloric acid, care being tnken, that 
there be an excess of the acid ; the precipitate foruicd is pure uric 
•eid, which, after washing and drying, appears as a fine, hglit powder. 
C. Alieroteopical ciaractert, — Uric acid appears under the 
ouoroacope ui ceveral forms, but usually as smooth, rhomboidal 
fatbits, which are sometimes coloured, always remarkably trana- 
parent and of different, sometimes of considerable size. These 
tables often undergo modification in form ; thus, spindle-shaped 
^ores resull from the rounthng off of their obtuse angles, and, 
with these, short, cask-shaped cylinders are frequently mingled. 

Hexagonal plates, rectangular tables, or right rectangular four- 
sided prisms, with horizontal terminal planes, are also often met 
with; tht! last are frequently jieculiarly disposed, being grouped 
to^het in glandular-shaped rosettes. Besides these, there are 
other forms, saw-like, fan-slmped, and dentated crystals, &c, 
{Platg 1. ¥igi. 2 anrf 8 ; Plate II. Fig. 4 ; Plate III. iHg. 1.) 

I have obtained many different forms of uric acid crystals, by 
mixiag normal urine with varying quantities of hydrociiloric acid ; 
the nature of these crystals is readily ascertained, by comparing 
them with the crystalline forms given by ruiikc. Any doubt 
exiating as to the nature of particular crystals, may be readily re- 
moved, by converting them into some more ordinary form of uric 
acid. The crystals are dissolved on the object-glass of the micro- 
scope, in a little caustic potash ; and, on the addition of a drop of 
bjrdrocliloric acid, crystals of the more ordinary form, table-, or 
Spindie-sliaped, soon apjiear. 

D, Chemical ckaractert. — Pure uric acid, obtained from the ex- 
erement of serpents, consists of white, softish, and excessively bght, 
crystalline scides, which present, under the microscope, the forms 
sbure describeil. It has neither taste nor smell; is very sb'ghtly 
soluble in water, one part of uric acid requiring 14,000 to 15,000 
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parts of cold^ and 1,800 to 1,900 parts of boiling water for iU 
solution. The solution does not redden litmus. It is veiy little 
soluble in dilute hydrochloric acid^ and quite insoluble in alcdiol 
and ether. It is readily dissolved, without decomposition, in 
concentrated sulphuric acid, but is thrown down from the solutioo 
on the addition of water. 

1. Uric acid is readily dissolved in a solution of phosphate of 
soda, and also in several other salts of the alkalies. It takes from 
these salts, and combines with, a part of their base, and so occasious 
the formation of acid salts. It is in this way that acid phosphate 
of soda, which is the chief cause of the acid reaction of the 
urine, is formed. By dissolving uric acid in a warm solution of 
phosphate of soda, it is easy to obtain a fluid, having a similar 
acid reaction to that of the urine, from which, on concentration, 
urate of soda is deposited in crystals. (For the separation of this 
last salt from the urine, see Sediments,) 

2. Uric acid, heated in a glass tube, is decomposed without under- 
going previous fusion. It is converted into urea and cyanuric 
acid (which are sublimed in the form of a ring), hydrocyanic 
acid, and a little carbonate of ammonia, whose presence is easily 
recognised by its smell. Besides these, peculiar oily products 
appear, and a porous coal containing nitrogen remains as a residue. 

3. Uric acid made into a thickish paste with water, and boiled 
with peroxide of lead, is decomposed into four bodies : carbonic 
acid, allantoine, urea, and oxalic acid. The allantoine (which 
exists naturally in calves^ urine) and the urea may be readily 
recognised by their mode of crystallisation ; the oxalic acid remains 
in combination with the oxide of lead, and the carbonic acid 
escapes with effervescence. According to Pelouze, a small quantity 
of allanturic acid is formed at the same time. It is not improbable 
that the urea resulting from this decomposition is a product of 
a further oxidation of the allantoine, and the carbonic acid of the 
oxalic acid, so that the simple decomposition of uric acid by 
peroxide of lead yields only allantoine (Cg H« N4 0^) and oxalic acid. 

C,oH,N,0« + + 2HO = aiI,N,0, +C,0, 
(Uric acid.) (Allantoine.) 

4. "When one part of uric acid is gradually mixed with four 
parts of concentrated nitric acid (1*42 sp. gr.), the uric acid is 
dissolved with effervescence, and the whole solution at last con- 
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into a cryatalline mass. The uric aciid is decomposed into 
•Uoxan and urea. T!ie uric acid is separated in crystals, but the 
1 consequence of the simullaneoua formation of nitrous 
acid, is immediately decomposed into carbonic acid and nitrogen, 
' which escape with effurvescence. 

Id the formation of alloxan and urea from uric acid, two equivalents 
of vater and two of oxygen are added to the uric acid : — 

C„ H, N. O, + 2 + 2 H O = C, H, N, 0. + C, H, N, O, 
(Uric acid.) (Alloxan.) (Urea.) 

Alloxan, when further treated with nitric acid, takes up two 
equivalents of oxygen, and is converted into two equivalents of 
carbonic acid, and one equivalent of parabnnic acid :— 

C, H,N,0,+ 2 = C. II,N,0. +2C0, 
(Alloxan.) {Parabanic Acid.} 

Parabanic add passes into oxaluric acid through the addition of 
two equivalents of water ; — 

1 e^. parabanic acid C, H, N, 0, + 2 H O ^ 1 eq. oxalnric acid 
C, U, N, O,; the oxaluric acid, again, when boiled in water, is 
Glnall; decomposed into oxalic acid and urea : — 

1 eq. oxaluric acid C, H, N, 0, 1 eq. urea G, H, N, O, 

2 eq, oxalic acid G 0. 



C. H, N, O. 



On comparing these various formnlie together, we find that 
one equivalent of uric acid by the addition of four equivalents of 
water, and four equivalents of oxygen, are at last decomposed into 
two equivalent-s of urea, two equivalents of carbonic acid, and two 
' equivalents of oxalic acid, passing through the intermediate forms 
of alloxan, parabanic acid, aud oxaluric acid : 

1 eq. uric acid C„ H, N. 0, 2 eq. urea C, H, N. O. 

* eq. water . H, O, 2 eq. oxalic acid C, O, 

4 eq. oxygen O, 2 eq. carbonic add C, O, 

C„H.N. 0,. (VHTn'.O,. 

If the oxalic acid be further oxidised by the addition of two 
equivalents of oxygen, there will remain as the final products of the 
' decomposition of the uric acid : carbonic acid, and urea. The 
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1 eq. uric acid C,^ H^ N^ O, 2 eq. urea • . C^ H, N, 0^ 
4 eq. water H O^ 6 eq. carbonic acid C^ 0„ 

6 eq. oxygen O. C^H^N^O.. 

It is evident from this^ that the uric acid must^ in the normal 
condition of things^ undergo decomposition in the body ; and we 
find that^ by an excess of permanganate of potash, it is directly 
converted into carbonic acid and urea ; and that when the oxidation 
is less complete, it passes into the form of allantoine, carbonic acid, 
oxalic acid, urea, and other products.* 

5. By the action of reducing agents, such as sulphuretted hydro- 
gen, hydrogen, &c., upon a solution of alloxan, crystals of a new 
compound, alloxantine, are precipitated (C,H^N,0,J. AUoxantine 
is much less soluble than alloxan ; it crystsJlises in oblique four- 
sided prisms, and becomes red under the action of ammoniacal 
vapour. 

Alloxan and alloxantine are the source from whence mn- 
rexide proceeds — the most important of the uric acid reactions. 
Thus, when a solution of alloxan and alloxantine are mixed with 
ammonia, it becomes of a purple-red colour, and after a time dq>osit8 
crystals of murexide (C,^ H, N, 0„ + N H, purpurate of ammonia). 
Murexide crystallises in four-sided prisms, having a greenish cantha- 
rides-like reflexion ; when pulverized it forms a brown powder, and 
dissolves in water ^vith a deep purple colour. It serves on all occa- 
sions as a test for uric acid. 

6. Uric acid, when treated with moderately dilute nitric acid, is dis- 
solved, and alloxantine is then found in the solution. By carefully 
evaporating the solution almost to dryness, and by the further addi- 
tion of nitric acid, alloxan will be formed out of the alloxantine. K 
the mixture be now acted upon by ammonia, the beautiful colour of 
murexide, which passes into a purple-blue on the addition of caustic 
potash, is obtained. By the aid of this test, the presence of the 
smallest quantity of uric acid may be recognised. If the residue is 
treated with potash or soda, instead of with ammonia, we obtain 
a beautiful purplish-violet solution, the colour of which becomes 
gradually paler when heated. Before the fluid is wholly evaporated, 
its beautiful colour is completely lost (Distinction from Xanthine, 
p. 24.) 

* Aiinal. d. Chein. uud Pharm. Dd. 99, p. 206. 
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8 satta with diffprent bases, all of which are more 
or Ires readily soluble in water, the most soluble being that of lithia. 
Prom tbeae Balution»> the urie acid is precipitated iu a crystalline 
form, on the addition of hydroeliloric, acetic, and other acids. The 
precipitation takea place iromediatelj in conctntriited solutions; but 
in tlilate solutions, as iu tlie urine, it requires from twent.j-four to 
tbirty'sLx hours for its completion. The crystals are readily te- 
eogniH^d under the microscope. A description of its different salts 
will be found uuder the head of Sedinn^nU. 

8. An aUtahne solution of uric acid immeiliately reduces nitrate 
of silver, even without heat. When paper, upon which a drop 
of BJtratc of silver-solution has been let fall, is moistened with 
« aolation of soda, in which only a trace of uric acid is dissolved, a 
dark-hrown spot is immediately produced, though not more than 
nn jiart of uric acid be [ircsent. A much less quantity, migsi of n 
gniinme, prodoMS in the course of a few seconds a visible yellow 
reaction, and this, too, without (lie assistance of heat. (Schiff.) 

9, A white precipitate of urate of the suboxide of copper is pro- 
duced, when a solution of uric acid in potash is added to an alkaline 
solatiou of copper. On heating this precipitate to boiling with an 
excess of the copper-solution, the uric acid is oxidised, red suboxide 
of copjter is separated, whilst liie products of oxidation of the uric — 
viz., allantoine, urea, and oxalic acid remain in solution. 

B. TeiU. — I sliall only treat here of the method of finding uric 
acid in the urine. There are two methods, either of which may be 
depended upon, by wliich uric acid may be separated from the urine 
and tested. 

I. A small quantity of urine, say ten to fifteen grammes, is eva- 
porated in a porcelain basin over n water-bath to a syrupy consistence 
— aoy alhuintTi aceidcTitally present in it having been previously 
removed by boilin;;, with the addition of a drop of acetic acid, and 
subsequent nitration, From liie residue, the urea, together with 
the citraetive mattj;rs and the salts soluble in alcohol, are removed 
by froqueut washings with alcohol ; the uric acid with the insoluble 
aalla, and a little mucus being left. T!ie salts are neit extracted by 
the addition of a small quantity of dilute hydrochloric acid, so that 
at lact the uric acid alone remains, mixed with a little mucus. Por 
the more certain detection of uric acid, the following tests may be 
resort^l to :■ — 

a. A small portion of the uric ariil is placed on a watch-glass with 
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a few drops of nitric acid, aud more or less perfectly dissolved ' 
by n gentle heat. The solution on being evaporated in a water- 
biilii leaves a reddish residue. This residue when moistened with 
dilute ammonia {one in ten parts of water), instantly produces the 
purple-red colour of murexide, which passes itilo a beautiful violet, 
on the addition of a drop of caustic potash solution. When the 
quantity of uric acid is very small, Ihe test will fail, should too 
much ammonia be employed ; conse<iuently, it is better to blow 
the vapour of ammonia olT a glass rod dipped in a solution of am- 
monia on to the residue. By this means the test will show, with 
certainty, the presence of even mere traces of uric acid. 

6. The residue is dissolved in a few drops of potash solution, 
which leaves the mucus undissolved; and from this solution of 
nratc of potash the uric acid is separated in a crystalline form on 
the addition of hydrochloric acid, and may he recognised by its 
microscopic characters, 

2. A larger quantity of urine (100 to 150 grammes), is mixed 
in a glass vessel, with 6 to 8 grammes of hydrochloric acid, and 
allowed to stand for twenty-four to forfy-eight honrs ; at the end of 
this time the uric acid is separated in the form of coloured ciyiixU^ 
which partly float on the surface of the fluid, and are partly depoat- 
ed on the sides and bottom of the glass. These crystals are readily 
recognised as uric acid, both by the aid of the microscope, and also 
by testing them, when removed by filtrntion, with nitric acid and 
ammonia. 

3. If the quantity of the fluid to be tested for uric acid is 
amall, 4 to S grammes of it are poured into a flat watch-glass, 
6 to 12 drops of strong acetic acid added, and a few linen threads 
laid in it. The fluid is allowed to stand eighteen to twenty- 
fonr hours, in a temperature not exceeding 16° to 20" Q. (61° to 
68° Pahr.). At tJie end of this time, the uric acid is deposited on 
the threads in the form of crystals, which may be then examined 
microscopically. This process is of especial service in testing the 
aenim of the blood of gouty subjects for nric add. {Dr. Garrod.) 
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I ilie liippuric acid, wlieti laken internally, as was aswrted by Kiihne ; 

I it could not, in fact, be discovered either in the urine or in the ixaa, 

] and consequently appears to have undergone complele decomposition 
in the body. Verdeil and DoUfus found hippuric arid in the 
blood of oxen, as well as in their urine, aud Hervier has also foond 
it in diseased human blood. 

Schlossbei^er has demonstrated the presence of hippuric add 
in the scales of the skin in iththyosis. 

Hippuric acid ia probably the product of the decomposition of 

I the nitrogenous constituents of tlie body ; for, aa indeed may be 
gathered from it« constitution [Chemica/. Characters 8 and 8), there 
are always indications of the presence of a benzoyl-com pound in it ; 
and Guckelbei^r has artificiallj prepared benzoic acid and benzo* 
nitrile, by the action of nitric acid on prot^ine-bodies. Why tlien 
may not the nitrogenous compounds undergo like decompositions 
within the body, and the products be afterwards separated with 
the urine, in the form of hippuric acid ? Such an idea recdrei 
strong support from tlie well-conducted researches of Hallvada. 
He did not, in fact, discover benzoic acid, or any benzoyl-«om> 
pound in the ordinary food of the cow ; so that the benzoyl-radieat 
of hippuric acid could not possibly be derived directly from the food 
ingested. Hippuric acid is undoubtedly an excretion ; but of its 
origin, we cannot speak with certainty. 

B. Miefotcopk rkaractem. — A boiling saturated solution of hip- 
puric acid allowed to coo! rapidly, when observed under the micro- 
Kope, throws down a precipitale of fine needles aud scales. But 
regular, well-formed crystals, are separated from a cold saturated 
solution on evaporation ; these crystals arc milk-white, Beniitian»- 
parent four-sided prisms and columns, terminating in two or four 
planes ; their elementary form is invariably a right rhombic prism. 
{Plate I. Fiff. \.) A few of the crystals are occasionally seen to re- 
semble the crystals of ammonio- phosphate of magnesia, from which, 
however, hippuric acid is readily distinguished by it« chemical 
characters. 

c. I'rtjmratioK. — The fresh urine of the horse or cow (5 to 6 
litres) is boiled for a few minutes with an excess of milk of lime^ and 
filtered ; tlie clear solution of hippurate of lime is then rapidly 
evaporated to one-eighth or one-tenth of its original volume, and 
treated with hydrochloric add. In the coarse of twenty-four hours 
k 'the hippuric acid is crystallised. It is then purified by a second 
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with milk of lime, and the filtered solotion, after the 
of hydrochloric acid, left to crj'stalliae. If the crjatala are 
ire, they may be once again dissolved in water, and 
irith well-buTiit animal charcoftl ; and on the cooling of the 
will be separated in long, colourlesi, nemitransparent 
A Mcond deposition of crystals may l)e obtained by ei 
lion of the mother- liqnid. 
Loewe treaU fresh urine with sulphate of zine, and evaporates 
:hcr with the resulting precipitate to one-sixth of its volume, 
it quietly, and separates the hippuric acid from the iUtrate 
auis of hydrochloric acid. The hippuric acid must be purified 
B Mcond crystallisation. This method yields a very pure pre- 
"' m. 



a givet QB a good method for pnrifjiDg oolonred hippario aoiJ. 
• «r]r»ul« MB diMoIved in a mifScieDcy of dilate soda-ley, and a solution 
pemiBiiKanate of potoih then dropped into the solution, when heated to 
ilittg, until, on testing a little of the filtered fluid, a pure white precipilafe 
obtained on the addition of hydroohlorie acid. The whole filtrate is then 
■ated white hot with a slight exeeaa of hvdrochloria acid, and allowed to 

». Ch«miral charo'tera. — Hippuric acid has a weak, bitterish 
but no sui«ll ; 100 pait« of cold water are required for its 
: but it is much more soluble in boiliug «at«r. Alcohol 
■dilj dissolves it ; ether also dissolves it, but not so readily. Its 
lott4>ns reddeu htmus strongly. 

2. Hippuric acid he«ted in a test-tube, aifter tht^ manner men- 

D iipeaking of urea, fuses into an oily liqnid, which, on 

tiaidens into a milk-white crystalhne mass. When strongly 

it decomposes, a subUmate of benzoic acid and of beuzoat* 

lunmonia being formed ; at the same time a few red, oily tbops 

wlrich have a peculiar smell like that of fresh hoy, become 

ftUd on eoohng, and are soluble in alcohol and ammonia, but not 

■ WAter. Subjected to a stronger Iteat, it gives ofi* an intense 

■"adoar, like that of hydncyanic acid, leaving a porous, coaly mass, 

ia perfectly combustible. By these peculiar characters, hippu- 

acid mAV be rcjulUj rtTognised and distinguished from urtc acid 

lie acid, with which last aeid especially it has many points of 

!. In the dry distillation, if the heat is not allowed to 

KSO" C. (182° Fithr.], the hippuric acid gives olT benzoic 
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vnd, slightljr reddened by tbe presence of some foreign body, tnc» 
of hydiocyaiuc idd, and of a iiqaid compouDd, benzo-mtrile 
(C„ H, N), haring an odour verr similar to tliat of bitter almonds. 

3. Hipporic acid is oDaltered b; dilate minend iicids) bat it 
is decomposed when heated rith c»iiceDlraled bTdrocbloric, solphn- 
ric, or nittic add. Crrstals of benzoic acid are separated from 
the mixture as it cools ; and a peculiar coinpoand, gljcocoU 
C, H, N 0, (gljcinc or gljcocinc), having in its free state a sliglillj 
acid reaction, remains in solation, in union with tbe mineral add : — 

C„ H. NO, + 2 HO = C,. H. O. + C, R. NO, 
(hippuric acid) (benzoic add) (glycocine). 

Glycoooll may be artifidallir prepared bj the action of ammonia on 
oblo-racetio and, to that it niaj be considered u an amide of acetie 
acid. C, [ ^'g^ 0,. Thntugh the action of glfcoool-oiide of zino (amide 
of acetate of litto) on chloro-benzojl, DeBaalgnes, in fact, reprodnced bippnne 
aoid. this last being recognised in the form of benioio add, to which ona 
atom of hydrogen is added. tbroDgh tiie radicle of tbe anuda of aoetio aoid, 

that IB, of tbe glyoocoll, <^i. 1 c ' ( H, '^' 
Bimilar relations are preseDted to na b; gallic add. 

4. Hippnric acid mixed with putrescent or fermenting matters 
is mostly converted into benzoic acid. This is the reason why ei- 
perimenters often fail to find it in stale urine ; the benzoic acid, thus 
formed, readily passing off witb the watery vapour, whenever the urine 
is evaporated after the addition of a little hydrochloric acid. 

5. When hippuric acid is dissolved in nitrous add, or when 
nitric oxide is passed through a solution of it in nitric add, a non- 
nitrogenous add, benzo-glycollic acid (C,, H, OJ is formed, and 
nitrogen given off: — 

(C„ H, N 0. + N 0, = C„ H, O. + 2 N + H 0). 

A simiJar decomposition occurs, when hippuric acid is dissolved in 
an excess of dilute potash-ley, and chlorine passed through the cold 
solution as long as any nitrogen is giveu off. 

a. Hippuric add forms crystallisable salts with bases; and may 
be separated from their solutions (when concentrated) in the form 
of long needles, by the addition of hydrochloric acid. 

7. The intensely bitter almond-like smell of nitro-benzine is pro- 
duced when hippuric add, subjected to the action of strong boiling 
1 nitric Mdd, is evaporated to dryni-es, and the residue heated in a gUss- 
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Uib«. Benzuic aciil givts a simiUr result. Cinnamic acid is dis- i 
tinguiEhcd hv the cliaracteristic odour of cinnamon. As mere traces 
of mtro-bennne j-ield a strong aud somewhat lasting siuell, this test 
inajr be used for ascertaining the presence of even very small quan- 
titiea of hippuric add. (Liiike.) 

No waction of this kind is given by ftlbumon, gelatine, urio acid, sugar of 
nine, ulidoe, Balioyluric acid, cboluidinic acid, anisia acid, pfrog&llio aoid, 
fieric mad, naphthaline, pbthalJc acid, indigo, aad iaaiinc. I 

E. Te»U. — Hippuric acid can oulv be recognised in its pore form ; J 
for it is onlji then thai it exhibits characteristic marks. Benzoic acid 1 
is the only body with which it can be confounded, and from this ' 
add it may be readily distinguished by the following tests : — J 

1. Hippunc acid crystallises under the microscope in the forms 
•bore mentioned; benzoic acid, on the other Iiand, crystallises 
in scales, small columns, or aii-sided needles, whose primary form is 
m right rhombic prism. (Panke, Plate I. Fig, C.) 

8. I>ry hi|jparic acid, when heated, undergoes characteristic decom- 
pontiona (nee S) ; but benzoic acid passes ofl' uudecomposed, in the 
fgm of B thick, white, pungent vapour. 

S. Uippuric acid contains nitrogen ; benzoic acid does not. In 
etder to distiiiguish it, a small quantity of hippuric acid is heated 
with soda-lime — a mixture of caustic soda and caustic lime — 
in » oarrow glass tube ; thereupon, ammonia is soon given ofT, and 
mty be rtcognised either by its smell, or by its property of blackening 
piper, moistened with a solution of subnitrate of mercury. 

Uric acid is readily distinguislied from hippuric acid by the form 
oC ita crystals, by its reactions with nitric acid and ammonia, as 
well as by its insolubility in alcohol and ether, in which hippnric 
acid is soluble. 

Hippnric acid may be obtained from the urine by the two fol- 
lowing methods ; but the urine mast, in both cases, be perfectly fresli. 
(See o. 4.) 

1, Prom 800 to 1000 C. C. of urine arc evaporated nearly to 
dryness in a water-bath, the residue triturated with powdered sulphate 
cf buyta, acidulated with hydrochloric acid, and completely extracted 
«iUi «tcohol. After neutralising this alcoholic extract with suiJa-lcj, 
(he greater part of the idcuUot is distilled olT, and ihe remaining 
v/niyi fluid, after the afidition of oiaiic acid, being kept stirred, is i 
Amd in n wnter-bath. The dried mass is next exliausted by « large 
fUntity of ether, to v)i'u-)i a }illiv nicoliol lias bceiv adiied, ivcii ft\tt 
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ethereal solution evaporated by distillation almost to dfyness. The 
crystalline residue is then heated with milk of lime^ in order to lemoft 
the oxalic acid^ fQtered, the filtrate evaporated to a very Bmall vdame, 
and slightly acidulated with hydrochloric acid. Crystals of bippnzic 
will now form in it iu the course of a short time : and may then be 
tested chemically and microscopically. Exceedingly small quantities 
of hippuric acid may be distinguished by the nitrobenzine reaction. 
(See Chemical characters, 7.) 

If the urine contains much hippuric acid^ as it does after a dose 
of benzoic acid has been taken, crystals of hippuric acid may usually 
be obtained, by the simple addition of a little hydrochloric add to 
the urine evaporated to the consistence of syrup. These crystals 
may be readily separated by alcohol from the uric acid, which is also 
thrown down. 

2. The second method is Liebig's {Annalen der Ckemie u. 
Fharm, 1841*), The urine with a few drops of hydrochloric acid 
added to it, is evaporated to a syrup, and shaken with an equal 
volume of ether. If, as often happens, the ether, on separating, is 
not clear, one-twentieth of its volume of alcohol is added to the 
mixture, after it has stood for an hour. The layer of ether, 
containing the hippuric acid and some traces of urea, is re- 
moved with a pipette, and shaken up with small quantities of 
water; in this way the alcohol and urea are removed, the hip- 
puric acid remaining in solution in the ether, from which it may be 
obtained by evaporation in a crystalline form. The crystals, if 
necessary, may be obtained perfectly colourless, by boiling with 
animal charcoal. In this operation, however, a considerable quantity 
of the hippuric acid is lost. Of these two methods of testing uric 
acid, I give a decided preference to the first. 



SECTION VIII. 

Phenylic Acid {carbolic acid, or phenyl^alcohol). 

Composition : — 

In 100 parts : Carbon .... 76-93 

Hydrogen . . . 6*40 

Oxygen .... 16-67 

Formula : C„ H. O, H O. 100^0 
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A. Oeemrrvnce. — Piienylic acid was discovered by Woiiler in caato- 
I, and afterwards by Stadeler (together with taurylic, damolic, »nd 
acids], as a constant constitucDtof the urine of cows.horsea, 
nuD. Tills acid has poisonous quuliliL's, and is obtained from 
orine in very small quantities only, so that it is ftt present 
SoiUjtful whether it really pxists ready-formed in the urine, or whethttr 
is formed during the process required for its preparation. These 
or the matters at least out of which they are formed, appear 
be the cauBe of the odour of the urine. Stadeler considers that 
fth^ all prft-esiflt in the urine, and that they are, therefore, 
F prodncta of the metamorphic processes. Fhenylic acid is also found 
in coal-tar; it is formed during the dry distillation of saltcine with 
bite, aa well aa in the decomposition of many organic bodies at a 
red heat, &c. Schheper obtained traces of it from the products of 
tile oiidation of gelatine. 

c. CAftnical eharai:iers. — Anhydrous phenylic acid crystallises in 
colourless needles, which melt at 35" C. (OS"* Fahr.), and boil 
188** C. (370" Fahr,), It has a smoky smell, is corrosive, and 
mous. It is scarcely soluhle in water, but readily dissolves in 
alcohol and ether. \U solution coagulates albaraen, and is strongly 
uiLiseptic. 

1. The following compounds are fonned by the action of nitric 

■cid on phenylic acid : first of all nitro-, tben dinitro-[>henylic acid, 

' and lastly, trinitro-phenyhc acid (C„ H, [3 N 0, ] + H 0)", usually 

known by the name of 'picyric acid,' or 'Welter's bitter,' and 

' which may be also formed by the action of nitric acid on indigo, 

I BBlieiBe, &c. 

S. Phenylic acid, acted on by chlorine, produces di- and trichloro- 
phenylic acids, two and three equivalents of the hydrogen of the 
, phenylic acid being replaced br the chlorine. (C„ H, CI + H 0, 
Btii) C„ H, a, -f- H O.) 

5. Per-salta of iron produce a violet-colour in a solution of 
phenylic aciil, which takes a bluish shade, and, after a time, turns 
to a dirly-trhite cloudiness. 

4, Nitrates of silver and mercury are reduced by phenylic acid, 

5. A chip of deal, soaked in a watery solution of phenylic acid, 
and dipped in dilute hydrochloric acid, becomes of a deep-blue 

I colour when exposed for a few momeut.s to the sun's rays. The 
' odour firmly resists the action of chlorine; under its influence the 

kblue takes a lighter shade, but soon regains it* depth, when the slip 
of wood '\!i re-dipjied in dilute liydrocliloric acid. 
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t.i. Pl.-v;! ' :;. :1 f.»r:i;s vrixh ^'^!]»lluric aciJ, sulpho-phenic add, 

.... - . , .. , 

wn:«:; w ;. •••:•,./.:. !:•-.;•: 'i'iiriri:: ii/.-Titii?. 

7. \\r':. .:.*':c ]»'«:»i?':. >.:l.iTi«»n i: hardtn? into a crvstalline 

Hi :*-. 

^. ]r :./ y./:'T.- , (. H X >('^ Hi. ferric Acl'L which is one of 

\\v J r . :;•:.« -.f T:.-. »>.oo:^j •«>;:: 'H of liipjiuric acid, may be reganled 

ar :i ] i:^:.;l ;.;:.: :• . = .^-' : ihv jLerivl group is, indeed, in all 

ri-*j»f't*. V. r. '1 v.v r''.:i:ei to thr ]»»:iizovl and salicvl compounds. 
Piu.-::\l:c a- . 1 i* ni- : .'rine.i duriuir the iln distillation of most of 
tlif >Lii:«\in- ^.l!t?, a-i \vi-:i a? of benzoate of copper — a fact worthv 
of n<'t«.' in rc:'tn.!irr to its formation in the urine. 

Stii It'liT lut< al<o discjvt-red a series of other acids closelv resem- 
bliiii: ii!u*nvlif arid. Th«v are : — 

1. T-j'TfJ/c oc'-'l, C 11^ O, 1? , which is isomeric with anisole. 
It i« (li*tiiiLnii<hed frtuii phenvHc aci»l bv its higher boiling-point, 
anil alxi bv it^ furminir a fixed compound with concentrated 
s>ul|»luiri«- aiiil, whii ii srjiarates at first as a fine white detritus, and 
tlii'U graihiallv accuinuhii«.'S into roundish masses. 

2. IJ'.tmahtric achl. — Composition : — 

In 1(M» parts: Car])on . . . 65*62 

Hvdroiren . P'SS 

Oxvirm . . . 2500 



100-00 
Formula: C., 1I„ O, + II O. 

Damahmc add is an oily fluid, having an odour of valerianic 
acid : it is heavier than, and sliiihtlv soluble in, water, and ijives 

it a strunirlv aeid reaction. 

» * 

It forms vcrv characicristic salts with bases. The barvta-salt 
crystallises in united tufted ])risms, which are soluble in water, and 
form an alkaline sokition. The salt is infusible, but after exposure 
to a red heat, vields earbonatt' of barvta in the form of the orimnal 
salt; it contains 8918 per cent, of baryta. 

With silver it forms a white powder, which is not affected by the 
action of liirht; this salt contains 4:9"36 per cent, of oxide of silver. 

Acetate of lead yields, with a solution of damaluric acid, a white 
pTcci|)itate, which appears under the microscope as line j)risms 
chistered together in roundish masses. 

3. Jhtmolic acid is the least known of these compounds. It is 
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iy, and heavier than water, and only slighllj soluble in it. It 
nas with baryla a crystallisable and fusible salt, containing 
'•50 i>er cent, of baryta. The dumolic acid-salt crjstallises the 
it OBt of a solntion of damalurate and damotate of baryta. 
Mode of obtiiinia^ and separating thete fimr adds : — 

1. The separation of them all together from the urine. 

Presh cow's urine (SO lbs.) is mixed with hydrate of lime, boiled, 
en dccauted off from the snperSnous lime, and evaporated to one- 
^tii of its ori^al quantity ; hydrochloric acid is added to the 
" tolution, and after standing twenty-four hours, the mother- 
is decanted from the precipitated hippuric acid and distilled. 
lepeatcd rectification of the milky fluid obtained by Ihe first 
■filiation, an oil-like, lightish-yellow liquid is obtained, the greatest 
of which sinks to the bottom of the water which pa,ssed over 
it. The presence of phenylic acid in this oil may be readily 
by its reaction with perchloride of iron, as well as by the 
ufi colour it produces on a slip of fir-wood. The quantity of it in 
iman urine is very small.* 

2. Separation of the acida singly : — 

The oil, together with the water obtained by the process just 
«cribed, is mixed with an excess of hydrate of potash (the quan- 
ty used being weighed), and then subjected to distillation. A 
Irogenous, powerfully smelling oil, whose nature has not been 
jocly investigated, passes over with the distillate. As much sul- 
lOiic acid is added to the residue in the retort as is sufficient to 
otnlize five-sixths of the potash employed. The fluid resulting 
tben distilled, so long as a precipitate is formed in the distillate on 
e addition of acetate of lead. By repeated distillation of this pro- 
ict over common salt, the greater part of the acids are at last 
itained in an oily form — a very small portion of theui remaining in 
e watery solntion, and giving it a sirongly acid reaction. To 
iparate these acid compounds, the distillate is saturated with cm- 
iiuit« of soda, and frequently shaken during the following twelve 
mrs; the oily layer is then separated from the soda-salts by 

«, Acids, which are not retained by the carbonate of soda : — 
From the ethereal solution obtained, as thus described (2.), the 
IwT if removed by distillation, and the residue again mixed with 
■ Aniial. dtr Chemit m. Pkarm^ vol.. icvil., p. 134. 
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strong ])otasli-ley^ and subjected to distillation. The potash-ocm- 
pound which remains behind is decomposed with bicarbonate of 
potash^ and the product of the distillation entirely depnYed of its 
water by chloride of calcium. By fractional distillation the greatest 
part passes over at ISO^ to 195^ C. (354'' to 383® Fahr.), and 
consists of ])henylic and taurylic acids^ which again by repeated 
fractional distillation can be partially separated. The acids diSer 
chiefly in this^ that taurylic acid boils at a higher temperature than 
phenylic acid ; and that with concentrated sulphuric acid^ taurylic 
acid forms a solid, and i)henylic acid, a permanently fluid compound. 

b. Acids which are retained by the carbonate of soda : — 

The solution of the salts of soda, wliich has been freed of its phenylic 
and taurylic acids by ether, is evaporated, decomposed by sulphuric 
acid, and distilled. The distillate, which has an odour of butyric 
acid and separates into an oily and a watery layer, is boiled with an 
excess of carbonate of baryta, and then left to crystallise. By 
fractional crvstallisalion various salts of baryta, containing different 
quantities of baryta (27 to 41 per cent.), are formed. The chief con- 
stituent is the acid, whose salt contains rather more than 39 per cent, 
of baryta (third, fourth, and fifth cr)'stallisation). This acid is the 
damaluric acid Cu 11,, O^ + H O (see Damaluric acid). The next 
acid, whose salt contains 27"4 per cent, of bar)ta (first and second 
crystallisation, is damolic arid. (See Damolic acid,) 

The other baryta salts (in the evaporated mother-liquor) are a 
mixture of damaluric acid with another salt of ban^ta ; but whether 
the acid in this salt is butyric, valerianic, or some new acid, has not 
yet been ascertained. 

Human urine contains only a very small quantity of these acids. 
And if the urine employed in their preparation be not perfectly fresh, 
a certain amount of acetic acid is invariably produced. 



aiXTION IX. 
U BINE- Pi GMIOM'S. 

(Composition unknown. 

1. Vrohrpniaiine, — ft is i)robable that the normal colouring- 
matter of the urine, like beil-pigmeiit, is a modification or product 
of the decomposition of the hrematine, and is formed from it 
(luring the passage of tho blood through the kidneys. Dr. 6. 
Harley has of late carefully investigated this subject. He succeeded 
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Ihc pfTpamttou of n pure snbgtnnce, ffhich he ratisfiod hituseif, 
XT raicfnl investipdion, was iDodt£ed hfematine of tbe blood, — an 
■uoa which is confirmed by the discovery, that this substance 
jlir«TS contALDS iron. Dr. Unrley ciills this body iirohiematine. 
I foUowing ia the raethod of its preparation : — A large quantity 
of tune ia evaporated until the fluid has become of the coloor and 
OOaaistenoe of treacle; the pigment -matter i!i then extracted by 
deohol, and, daring its evaporation, tbe salts which crystallise are 
to be removed from time to time. The nlcohol, deeply tinged, is 
bnled to boiling, and, white boiliog, treated with milk of lime, until 
the ooh)ur disappears. It is then filtered, and well washed with 
water and ether. 

The compound of lime and colouring-matter, when dry, is treated 
with hydrochloric add and alcohol, and filtered ; the alcoholic solu- 
tion ia mixed with an equa] quantity of ether, and being frequently 
shaken, left to stand for several days, in order that the ether may 
take up as mnch as possible of the colouring- matter. On tbe 
addition of water, the ether, charged with tbe colouring- matter, 
•epantes and is removed. The ethereal solution baa a very beautiful, 
wiDc-red colour ; but it ia not yet perfectly pure, and must be washed 
with water lo free it from any remaining trace of acids, and from 
salta and resinous matter. If this washing, however, is carried too 
l&r, a small quantity of tbe col curing- matter will be thrown down. 
The ethereal solution, thus puritied, ia then evaporated, and the pure 
otdouiing- matter left on the saucer as n dark-red, amorphous, 
ntdnous, eabstance, which becomes of a splendid red-colour when 
diwolved in alcohol and ether ; and in many respects, especially in 
icUtion to acids and alkalies, closely resembles hiematine. When 
this eolooring-matter is burnt, a little residue remains, which con- 
asts solely of oxide of iron. 

The pigment-matter thus obtained is insoluble in nitnc, hydro- 
chloric, and sulphuric acids, even iu the strongest, and nlao in tartaric 
and oxalic acids. It is soluble in ammonia, hydrate of soda, and 
potash ; insoluble in a solution of cldoride of sodium, iu chloride of 
barium and in water; but soluble in alcohol, ether, and chloroform, 
as is alio blood-hicmatiue in its piue state. 

Schcrer, in his oxperimcnta, prepared the colouring- matter of the 
urine by precipitating it with neutral and basic acetate of lend, and 
then treating tbe I'omponnd of pigment and lead-oxido with alcohol, 
mixtid with hydrochloric acid. Dr. Harley succeeded in resolving 
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m t. Vrogiaueine and Urrhodine. — These substances are occasiounlly 
■BW"** in ihie sediment of abnormal urine. As before said, they are, 
nUording lu UeUer, products of tlie oxidation of uioxantbine. 
KAecocding to Schimck, they are very probably derivatives of 

B a. Urrlu>dl»f — Indigo-red. — When the ethereal solution is eva- 
rpmted, the colounng-matter is left in a solid foTiu, and presents 
I w> appeuitnee of crystallisatioD. It may, however, be obtaiued in 
I «■ indistinctly crystalline form by the verj- alow evaporation of an 
\ akoliolic aolution. The crystals of urrhodine are nearly black, and 
\ only preBeut a earraine-red when in very thin layers. Id on amor- 
1 fhom state, iirrhodinc forms rosy-red granules. It is insoluble in 
I 'Water, but soluble in cold alcohol and ether, to which it imparts a 
I bcutfifiil red colour. (Heller's Arckiv, l%^6. p. 21.) 
I h, Unglnucine. — Uroglauciue presents itself in the form of a 
I Une powdef, which, under the microscope, is found to consist of fine- 
I potutnl needles ; these needles arc rarely single, but usually joined 
I together in sets of two, three, or more. For the most part, they are 
I gnnped together in star- and sun-like shapes, which again unite 
' together into larger masses, having a radiated form. Uroglaucine 
nay be sublimed, and is reducible with sulphate of iron, &e. It \s often 
taaoA in the urine in degeneration of the kidneys, and, aceordingto 
Tirdiow, sometimes in a crystalline form. The cyanurine of earlier 
' obserrers is a mixture of the blue and red colouring-matter of the 
urine. 

A. Prfparalion (after Schunck). — Urine is treated with acetate 
of lead OS long as any precipitate is formed, and filtered ; the filtrate 
t> then precipitated with an excess of ammonia, whereby the indican 
(oroxanlhinc) is thrown down in combination with oxide of lead. 
TTie preci])itate, collected and washed, is completely decomposed with 
cold dilute hydrochloric or sulphuric acid, and the solution filtered. 
If muth of the indigo-forming substance is present, the filter and 
ibe precipitate will have already become of a bluish shade, and so 
■bo will the surface of the brown filtrate; bnt if only a small 
' qoantity is present, the blue pellicle will appear on the filter 
in the course of 24 to 48 hours, bnt never later. The brown 
f filtrate deposits a dark brown powder, after the indigo-blue, which 
gtadaally seiwralea by boiling, is removed. This powder has the 
Rune appearance ns tbat which is obtained directly from the extrac- 
tive-mattiT of the urine by boiling it «ith acids, and is partly 
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soluble in soda-ley with a brown colour^ and partlj insoluble. The 
undissolved part is separated by boiling alcohol into two bodies, one 
of which is dissolved with a purple-blue colour, and appears to be 
identical with iiuligo-red, and the other has the properties of indigo- 
hlue. (/'//'/■. /7/r Prac. Chem, Vol. 75, p. 378.) 

B. Pn'paraflnn (after Kletzinsky and Heller). — ^Urine, which has 
been turned to an indigo-blue colour by admixture with fuming 
hydro(.*hloric acid, is thoroughly precipitated with acetate of lead, and 
the filtrate, freed from any excess of oxide of lead by sulphuretted 
hydrogen, is evaporated to one-third. The fluid, while warm, is 
poured into double or treble its volume of fuming hydrochloric acid, 
and allowed to stand for some days; during which time a thin, 
copper-red, variegated jKllicle is formed on its surface, and the fluid 
gradually becomes turbid. It is next filtered, and the bluish-black 
mass which is separated thoroughly washed with water, and, after 
drying over sulphuric acid, treated with ether, which thereupon 
takes a darkish-red, or purplish hue, and contains a red amorphous, 
resinous-like mass, urrhodine (indigo-red, according to Schunck). 
The residue left by the ether is boiled with alcohol, and the deep 
corn-flower blue solution left at rest in a closed flask. In the course 
of a month a deej) black velvety sediment is deposited, which 
frequently contains rudimentary crystals. (The elementary analysis 
of this precijntate agrees completely with tliat of indigo-blue, 
according to Kletzinsky.) 

According to my own experience, urine rich in uroxanthine does 
not require this complicated process ; for when mixed with an equal 
volume of hydrochloric acid, it very soon throws down the pigment. 
The quantity obtained is always very small, and not less than ten to 
twenty ])oands of urine should be operated upon. 

c. Teats. — The following very neat test of Heller may be em- 
ployed for ascertaining the presence of even small quantities of 
uroxanthine in the urine. From 3 to 4 C, C. of strong fuming 
hydrochloric acid are mixed in a test tube with from twenty to forty 
drops of the urine to be tested. If uroxanthine is present the mixture 
assumed a reddish-violet or intense blue colour, in consequence of 
the dccomposilion of the uroxanthine. If the reaction be indistinct 
because of (he small quantity of uroxanthine in the urine, it may 
be rendered much more marked by the addition of two or three drops 
of strong nitric acid ; thereupon, in the course of a few minutes, but not 
iniincdiately, a beautiful violet-colour is produced, which at first plays 
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^PB^BiDto a blae, but afterwards more into a red, and sooner or 
: sssQmea n dirty-red, and lastly, again becomes yellow. The 
smtioo generally shows iteelf without the addition of the nifric 
1 ; but with tlie nid of this acid the smallest traces of oroxanthine 
ly be recognised. In lliis reaction, as io the others, the uroxanthiiie 

lolved into orrhodiue, nroglaucine, and sugar. 
1 hare tad an opportunity of observing for a lengthened period 
I presence of uroxanthinc in the urine of a young man. He was 
ml righleen or twenty years of age, and apparently of sound 
jstiUitioH, and bad secreted the pigment-matter at various times 
j for long periods together. 
On the addition of an etjnal quantity of hydrochloric acid or nitric 
id to this urine, it quickly became of a violet hue, gradually grew 
rkcTi and at. last assumed a deep dark-blue colour. On shaking 
D mixtore, and after it had been allowed to stand a short time, tlie 
ioaring- matter separated in the form either of a deep-blue scum, 
a» ft thin, shining, reddish-blue^ glistening pellicle. 
The colonring-matter, when washed, appeared as a deep-blue 
vwder, with a reddish coppery grain ; it was dissolved by boiling 
cohol ; bnt the greater part of it separated again as the. alcohol 
the solution remaining of a nolet or reddish colour. 
Jirbodine.) 

The product thus obtained sublimed at a moderate heat, formijig 
beautiful red vapour, which was deposited as a reddish-blue sub- 
This snbhmate, under the microscope, presented the groups 
' ntaedles above described. It could not be distinguished from 
iblimed indigo ; and its conduct, when treated with concentrated 
ilphnric and nitric acids, and especially with reducing agents, such 
protoxide of iron, and sniphide of ammonium, corresponded 
itirely with that of indigo.* Evaporation of the urine entirely 
royed the pigment, so that it eonid not be obtained from the 
■ntlue. Nitrous acid also decomposed it. 
1 would call attention to a pecuhar effect produced on this urine 
I concentrated sulphuric acid. When one-sixth to one-fonrth 
r ila volnme of concentrated sulphuric acid was added, withont 
kakjng, to a small qtiuritity of the urine, there appeared, first of 
I, at the point of contact of the two tluids, a reddish shade, which 
adooUy bei^rae darker, and, spreading through the whole fluid, 
nparted to it a deep dark-red colour, passing into a purple- violet- 
• Annaltn drr Chem. urul Pharm. Bd. 90, p. 120. 
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red. This play of colours exactly resemblea that which occurs when 
urine containing bile is treated with sugar and sulphuric acid; only, 
in th(; case referred to^ the colours appeared without any addition of 
sugar. When the pigment was decomposed by evaporation the 
play of colours could not be obtained. 

Carter availed himself of this reaction of uroxantliine^ when 
brought under the action of concentrated sulphuric acid, as a test 
For this purpose a test-tube is filled about one inch with the urine to 
be examined, and one-third of its volume of concentrated sulphuric 
acid (of 1"83 sp. gr.) carefully poured into the urine, down the side 
of the tube, which is then shaken. The mixture thereupon assumes 
more or less of a violet-blue, according to the amount of indigo- 
forming body which it contains. The process described must, how- 
ever, be accunitely carried out. If the sulphuric acid be of a differ- 
ent degree of concentration, or if it be added guttatim, &c., the test 
will either fail altogether or the result will be unsatisfactory. If the 
urine contains much urohsematine, or bile-pigment, they must be 
previously separated by a little acetate of lead. If any sulphate of 
lead should be afterwards precipitated on the addition of sulphuric 
acid, the t<?st is not interfered with, for the precipitate rapidly sinks, 
and does not interfere with the coloration of the fluid. On neutralis- 
ing the sulphuric acid with ammonia, and shaking the mixture with 
one-third of its volume of ether, the fluid divides into three layers. 
The uppermost layer is of a ruby-red, and contains dissolved urrhodine: 
the middle one is blue, and contains indigo-blue (uroglaucine) in 
suspension ; and the lowest, containing ordinar}' urine-pigment, is of 
a transparent yellow colour. 

By this process, which is, however, far from perfect, Carter has 
shown tlie presence of indican in the blood. 

Although indican is very frequently present in healthy urine, at 
least in small (quantities, it is probable that in some diseases its quan- 
tity is so nmch increased as to render it a sign of disease, and conse- 
quently it is worthy the attention of physicians. At all events, 
indican (indigo-blue, &c.) becomes of much interest when regarded 
as a [)robal)le product of the decomposition of proteine-bodies — a 
view which is strongly supported by the nature of the products of the 
decomposition of indican, amongst which (as already mentioned) we 
find leucine and volatile fatty acids, together with a saccharine 
substance. 
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A Mmparatively lugs amount of indigo is olrUiaed from tlie urine of the 
■ hone And the now. Creosote and oil of bitt«T almonds, taken even iu smeil 
Bi|iwatitie«, increase considerably the quantity of indigo-blue in the orine. 
JfKktdfuk!/.) 

Wc may readily coDceive, Ihut a vast iimnbcr of different sliades 
of CiJour, greeaish, grass-green, blue, violel, red, may be imparted 
to the urine through the uuiou of uroheematiiie with varying qaan- 
tittGS of urrhodine and uToglaueine. 

4. Ufiieiylhrine. — Urogrythrine is the pigment which gives to 
wdimejits of uric acid and urate of soda their briek, or roBj-red 
ooloar, the intensity of which increases on exposure to the air. It 
alM appears in solution in abnormal urine, and gives to it its red 
colour. Nothing more, however, is known of this pigment. (Heller's 
Arekie. 1S63, p. 391.) 

In ooDolusion, I most speak of asubstanoe whioh Soharling bos diaoovered 
Id the ethereal extract of urine. {Annal d. Chcfr.. u. Pharm. Bd. 42 
p. 2Sfi.) He has not, bovevor, yet sncoeeded in obtaining this substance, 
whiob he calls oiide of omiobmyl, perfectly pure, nor has he closely investi- 
gated its nature. 

Oxide of omiobmyl has a resinous appearaace, readily luulte in boiling wa- 
ter into B yellow liquid, is soluble in oloubol, in ether, and in alkalies. It has 
an amd reaotion ; but it is not clear whether this pooulinrity la proper to it, 
W depends upon the presence of some adherent aoid, in its dry state it has 
the amell of castoreum, and in its moist a urinous odour i moisteaud with 
oil of turpentine, it emits a violet odour. Nothing oertain is known of its 
ohemical oonstitution ; nor has its elementary analysis been yet made out. 
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In itdditiou to the organic substances already described, the 
bealthy urine contains varying quantities of curtain inorganic bodies, 
which remain as an ash wheu the urine has been evaporated, and 
the residue exposed to a very liigh temperature. We find, in fact, 
the irhole of these bodies in the ash, with the exception of a little 
uuDonia, which is driven off by the heat. During incineration 
tbese inorganic substances undergo new arrangements, being oxidisf d 
md reduced by the action of charcoal and the oxygen of the air. 
Hence they are fouTid in the ash, in combinations different from 
those which they had when dissolved in the urine, if, however, the 
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SKCTION XI. 

(-iiLOKiDE OF Sodium. 

K iWhii,i»,. Nrarlv (ho whole of the chlorine found in tl 
Miini' II I iiimImih-iI m iih sodium. The quantity of chloride of sodiu 
u liii li i> •M|iiHitlr«l wiih \\\o iirino varies in different persons, and 
tliilitiH |M<itiiili itl {\w i\:\\, lloirar, in his inaugural thesis, h 
iihi H M* lUi' i«'^«di« I'i obMM\;»iious n'speoting these variations, ma( 
Mil ^\^^\^\ |»n 'I'M-. riii) :uv, sliorilx, as foUows: — ^The averaj 
iitiiMMM\ •«! < UliMtni' }M«Msi in t\u'nt\-tvnir hours was 10*46 gramme 
\\\\\^\\ ionr-^ivM).l< \\\\\\ \l *> »;r;)\unu\< of chloride of sodium* Tl 
iiMMttM\ i«( iMivn.ir o< <^suu;n )n \)w ur.:>o was most abundant aft 
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ly -.^-during the night tlie quantity diminished considerably, 
but it increBsed again in the moruing. Bodily exercise incroases, 

" slight deviations from health readily lessen its secretion. Tlie 
^pmtity of chlorine, again, ia much diminished after beer-drinking. 
'Am fegKrds the total nmount of chloride of sodium secreted during 
hreo^-four hours, the latest observations of Bischoff differ somewhat 
from those of Hegar's. (Bischoff, J)er Uamstoff. 1853. p. 28.) 
BbebofT found that in his own urine the quantity varied betveen 
8*84 and 24'84 gmmmes in the twenty-four hours, the average 
bong U-73. 

The quantity of chloride of sodiara in the arine is remarkably 
fimmi^ed in many diseases, and, indcpd, in all diseases in which 
a kige amount of exudation has t:iken place. B.edtenbaeiier found 
tlut the ([unulitj of chlorides was often reduced to a minimum iu 
poeoiDoma, so that, in some cases, no precipitation whatever 
oocunvd on the udditiou of a salt of silver to the urine. 

S. Microicopicai chtraclen. — Chloride of sodium, observed nnder 
the microscope, crystallises in beautifui, well-formed, regular pyra- 
midal cubes. It undergoes, however, a distinct modification when 
•eparated from a solution containing urea; — in such case, the 
ordinary cubes are replaced by octohcdral and tetrahedral forms. 
This peculiar character of chloride of sodium has been turned to 
acKount iu determining the presence of small quantities of urea iu 
Bnimal fluids. It has, however, been fonnd, that even pure chloride 
of Bodium, eqtecially when separated in the form of very bbioII 
GVjstala, assumes varied combinations of its regular forms of 
OTstallisalion, and that it has a particular tendency to do so when 
tbe solntioa contains any organic matter, lliis method, therefore, 
of leMtog the presence of urea has been abandoned. 

0, deviieal cAaracdrrt. — 1. Chlorideof sodium readily dissolves in 
water, and imparts to the sohition a veiy saline taste. liVhen water 
is adile<I lo pure, roughly-broken, ciyslflllised rock-salt, at a tempera- 
ture of 12" to 24° C. (hi" to 76° Fahr,), and the mixture shaken 
tma time to time during H hours, it is found that it invariably 
take* op the same quantity of salt. In 10 C. C. of this solution, 
vhen filt«fed and clear, Licbig and others found, oa an average of 
flCvernl doseiy-agreeing observations, 3*184 grammes of chloride of 
soditnn. Of this fact we make constant xiw in quantitative analysis. 

2. Nitrate of silver occasions a white curdy precipitate in all 
floids which contain chloride of sodium, the precipitate being 
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insoluble in nitric and hydrochloric acids. When, however, a 
;?olutiou (if nitrite of silver is added to urine which has been 
acidiihited with nitric acid, the pigments of the urine are also thrown 
down by tlu* nitrate of silver, and, consequently, the precipitate is 
not pure chloride of silver. This fact is worthy of note in reference 
to the quantitative analysis of the chlorine of the urine by the aid 
of lutrate of silver. 

3. Sub-uitrate of uercur}*, added to chloride of sodium, imme- 
diately tliruws down a precipitate of subchlorideof mercury, which is 
almost wlioUv insoluble in acids. 

4. AVhen a concentrated solution of chloride of sodium is mixed 
with an eiiually concentrated solution of protonitrate of mercury, both 
sahs are decomposed; nitrate of soda is formed, and the fluid 
solidities into a thiekish crvstalline mass of corrosive sublimate. The 
sime decomposition also t;ikes place in weak solutions of these salts; 
but in such eases the corrosive sublimate remains in solution. We 
found, under the head of Urea, that when nitrate of mercury is added 
to a solution of urea a precipitate of oxide of mercury and urea is 
thrown down. Trotochloride of mercury, on the other hand, throws 
down no precipitate, either in neutnil or acid solutions of urea. 

Tiie followintc method, adopted by Liebig in carrjing out the 
quantitative analysis of chloride of sodium in the urine, will now be 
easily understood : — ^The phosphoric and sulphuric acids are in the 
first place separated from the urine by the addition of nitrate and of 
caustic barvta; the alkaline filtrate is then rendered neutral or 
slightly acid by nitric acid ; so that the fluid consists of a weak 
acid solution of chloride of sodium and urea. A solution of dilute 
])rotonitriite of mercury is now dropped into it, and where the fluids 
vA)u\r into contact a white precipitate is observed, which disappears 
when sh:ik<;n. This precipitate is a combination of urea and prot- 
oxide of mercury. As, however, chloride of sodium is present in 
the solution, the nitrate of mercury is immediately converted into 
corrosive sublimate, whicli does not throw down urea in a weak acid 
solution. The precipitate consequently disappears, and leaves the 
solution as clear as it w^as originally. This proceeding is again and 
again njpeated, nitrate of mercury being gradually dropped into the 
solution, until the whole of the chloride of sodium in it is exhausted 
by tlie union of its chlorine with the mercury. At this point, on 
the further addition of the j)rotonitratc of mercury, as there 
is no longer any chloride of sodium to change the nitrate into a 
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ddoride, we obtain a permanent precipitate of nrea and oxide of 



IF, therefore, wc know the exact quantity of nitrate of mercury 
wfaicli baa been oscd, we can readily calculate the quantity of 
thloridr of .lodium in the urine, one equivak-nt of oxide of mercury 
corrcvpondiiig with exactly one equivalent of chloride of sodium. 

5. When a few drops of a solution of neutral chromate of potash 
ue added to s neutral solution of chloride of aodiura, containing 
pbospbAte of soda, and a solution of nitrate of silver then dropped 
throQgh a pipette into the mixture, the whole of the chlorine is, in 
the first instance, thrown down in the form of chloride of silver. 
Bat, if more of the solution of silver be now droppetl into the 
raixtore, chromalc of silver is formed, and imparts to it a permanent 
red colour. Up to this stage of the process, the phosphoric acid 
retniiiu completely dissolved, the salt of silver precipitating these 
thne adds in the following order : — Chlorine, chromic acid, and 
pbosphoric acid, (Mohr's volumetrical method.) 

D. TaU. — The reaction described with nitrate of silver, always 
■ems as a test for the presence of chloride of sodium in the urine. 
Tbc phosphoric acid in the urine, it is true, also throws down a 
pKcipitate with nitrate of silver; but this precipitate — phospliate 
of srilver — is soluble in nitric acid, which the chloride of silver is 
not. Consequently in testing the urine for chlorine we must, 
atber before or after the nitrate of silver is dropped into it, render 
the mixture strongly acid by the addition of nitric acid. In the first 
cue, the phosphate of silver will not be thrown down; and in the 
Mcond, it will be immediately dissolved, the chloride of silver alone 
Rnaining, in Ihe form of a cheesy flocculent precipitate. 

In ariae which has been evaporated to a syrupy consistence, 
dilonde of sodium crystallises, after a short time, in cubes or octo- 
hedn, which are readily recognised. The presence of the soda may 
be abown by the peculiar character of salts of soda, viz., that when 
heated to redne-ss on platinum wire in the iuner blowpi^e-lhuDe, 
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ina chloride of potassium as well as chloride of 
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■odium ; ftnd the two sdta have exactly simiW cnrstalline fonm. 
The presence of potash in the urine is tested iii the following way : — 
A little hydrochloric acid is iirst added to it, and then an equal 
volume of a mixture of alcohol and eiher, and, lastly, a solution of 
chloride of platinum. In the coarse of a few houre, beautiful octo- 
hcdra of the double clJoride of potassium and platinum, mingled 
with ammonio-cliloride of platiuum, are deposited from the mixttire, 
and may be readily recc^nised under the microscope. 



EECnON XiU. 

Sulphates. 

A. Oeeitrrence. — Numerous researches concerning the quiiutity of 
sulphates in the urine have been recently made under Vogcl's 
directious. From these it ap{)earB that the average quantity of 
sulphuric acid passed with the urine, by an adult, is £'094 grammes 
in twenty-four hours. The quantity increases during digestion, is 
somewhat less during the night, aud falls to its minimum in the 
forenoon. Tlie amount of sulphates is increased for a time bj large 
draughts of water, but is afterwards proportionally diminished. 
(Gruaier.) Sulphates taken by the mouth are wholly dischai^ed 
with the urine in the course of the following eighteen to twenty-four 
hours. The ingestion of pure sulphur increases the sulphur-con- 
stituents of the urine. There is no doubt that the sulphur, which is 
introduced into the body with the proteinesubstances of the food, is gra- 
dually oxidised and converted into sulphuric acid, which, again, muted 
with alkalies, is afterwards discharged with the urine. Consequently, 
a rich nuimsl diet increases the sulphuric acid as well as the nre* in 
tie urine. Diseases have a marked influence over the excretion of 
sulplmtt's, sometimes increasing and sometimes diminishing the 
quantity of them in the urine. 

B. C/temica! charaders. — Some of the sulphates are soluble, and 
some of them iusolublc, in water, ITie insoluble salts are mostly 
white, and the soluble colourless in their crystaUine stat«. The 
sulphates of the alkalies and alkaline earths ore not decomposed at a 
high temi>erature; but if heated with charcoal, or with organic 
matters wliich yield charco!»l, they are reduced to the state of 
Bulphorets, and their presence may be then recognised by the odont 
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of nil|Aurett«d hydrogea, which the; give off when the heated mass 
ii Koistened with a little acid. When this teat is tried on clean 
whv, ft black spot is left on it. 

1. Chloride of barium, added to solutions of the sulphates, occa- 
noo* a white, pulverulent precipitate of sujphate of baryta, which is 
uudlnble in hydrochloric and nitric acids. 

Acetate of lead throws down sulphate of lead. 
Snlphuretted hydrogen maybe produced when organic matters, 
with sulpliat^s, are exposed in a moist state to a moderately 
temperature. It is possible, therefore, that the sulphuretted 
hydrogen which is occasionally met with in the urine may be formed 
ia ft simiUr way. 

O. XttU. — The sulphates yield, with salts of baryta, a precipiUtfi 
whklt i> insoluble in acids, and recognisable even when the solution 
if exoeedingly diluted. Consequently, in testing the urine for its 
Milpbates, we first of all render it strongly acid by the addition of 
aitnc ftcid or hydrochloric acid, for the same reasons as given in the 
tMC of chloride of sotbnm, and then add to it a solution of chloride 
flf bftriam or nitrate of barjia. The precipitate which results — 
Ml|diate of baryta — is a sure indication of the presence of sulphuric 
acid. K, therefore, we take a certain volume of urine, say 10 C. C, 
nd add to it an equal or sufficient quantity of chloride of barium 
aad bydiochtoric acid, we obtain, from the greater or less quantity of 
prtdpitate which is thereby throwu down, an approximative estimate 
of tlM amount of solphatcs present in it. 



section xit. 
Acid Phosphate op £ 



—According to Liebig, this salt is undoubtedly 
praaent in the urine, and is, moreover, in most cases, the chief cause 
of ita acid reaction. With regard to the amount of phosphoric acid 
in Uie oriue, numerous calculations have been made, especially by 
Breed. {Aannl. der Ckem. «. Pharm. Bd. 78, p. 160.) From 
8-766 grammes to 61 80 grammes was the average quantity of phos- 
phoric acid passed during twenty-four liours by several persons. 
It appcajs to me, however, from numerous experimcnta, which 
1 lately made, that this quantity of phosphoric acid is some- 
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what too high for the 24 hours — a fact which mar be readily explained 
by the defective method of aiialysis (with perchloride of iron) 
hitherto employed. I have not found more than 2 grammes of 
phosphoric acid in healthy urine during the twenty-foor hoorsj since I 
have employed the volumetrical method with a solution of a sesqui- 
salt of uranium for determining the quantity of phosphoric acid. A 
new series of ex])eriments^ made under normal conditions with this 
veiy sensitive method of analysis^ is much needed. 

Phosphoric acid was found to be somewhat augmented by increase 
of drink ; but^ according to Winter^ this happened only during the 
first two or three hours after drinking. Winter also found that the 
quantity of phosphoric acid in the urine was considerably greater 
during the night than in the mornings and that it was greatest in the 
afternoon ; for as Winter and Breed both observed, the taking of food 
increased very greatly the quantity of phosphoric acid. In diseased 
states of the body the variations are considerable, as we may readil/ 
imagine ; according to Heller, they vary in much the same way 
as the sulphates do. 

B. Chemical characters, — 1. The acid phosphate of soda dissolves 
readily in water, and imparts to it an acid reaction. It is net 
altered when exposed to a red heat ; but if previously well-mixeJ 
with charcoal or any organic matters, and then heated, part of iti 
phosphoric acid is decomposed, and phosphorus, which immediatel; 
passes off in vapour, is formed. 

2. Cliloride of barium and nitrate of baryta, added to the solution 
of phosphate of soda, throw down a precipitate of phosphate of 
baryta, which is readily dissolved in aciils. 

3. Phosphoric acid forms, with lime and magnesia, compounds 
insoluble in water, but which dissolve, even in acetic acid, without 
decomposition. The phosphate of lime and the phosphate of 
magnesia, which we meet with in the urine, arc held in solution by 
the free acid, or the acid salts of the urine. When the urine is 
neutralised by ammonia, the phosphate of lime is thrown down 
unchanged, but the ])hosphate of magnesia unites with ammonia, 
and fonns a precipitate of ammonio-phosphate of magnesia. It 
is in this way that the ammonio-phosphate which appears as a 
sediment in alkaline urine is formed. The alkaline reaction of 
nrinc usually depends upon the presence of carbonate of ammonia, 
which is proiluced by the decomposition of the urea ; but whenever 
this decomposition takes place, the free acid of the urine disappears. 
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nd lh« earthy phosphates ao longer remain in solution. Tlic. 
I^ioephate of lime, under sach drcumatjmces, separates in an 
■morphous fonn, and the phosphate of magnesia in beautiful cr)-stals 
of the am monio- phosphate of uiagneaia. 

4. Perchloride of iron, added to a solution of the phosphates, 
•Ibch has been rendered acid by free acetic acid, throws down a yel- 
kwisb-whit« gelatinons precipitate of pcrphosphate of iron. This 
ootnpoand is soluble in all acids, except acetic acid j conseqaently, 
when we desire to precipitate the phosphoric acid out of any solution 
bf (wrchluride of iron, we most take care that it does not contain any 

I fitee ncid except acetic acid. Should any other free acid be present, 
acetate of soda and free acetic acid must be added to the solution 
before the precipitation by perchloride of iron is effected ; by this 
meana the solution is converted into an acetic acid solution, in which 
the phosphate of iron is insoluble. This reaction is made use of, 
after Liebig's method, in the volumetrical analysis of phosphoric acid, 

5. A solution of phosphate of soda, mixed with a solution of 
protonitrate of mercury, immediately produces u copious white pre- 
cipitate of phosphate of mercury, which soon crystallisea when it is 
left at rest. Corrosive sublimate, on the other hand, when mixed with 
phoBphate of soda, does not occasion any cloudiness in the solution. 
CoDsequently, if a solution of chloride of sodium is added to a 
mutnre of phosphate of soda and nitrate of mercury before the 
predpital£ cryataUises, an interchange takes place between the 
l^tosphate of mercury and the chloride of sodium, — corrosive 
sublimate and phosphate of soda being formed. Corrosive sublimate, 
however, does not decompose phosphate of soda, and the fluid 
therefore remains bright and clear, in consequence of the disappear- 
ance of the precipitate which was at first formed. 

Liebig has grounded upon this fact a plan for ascertaining with 
tidenbk accuracy the quantity of oxide of mercury in a solution of 
nitric acid. One equivalent of phosphate of mercury requires for 
ita decomposition exactly one equivalent of chloride of sodium ; if, 
therefore, wc know the quantity of chloride of sodium which is 
employed, we also know the quantity of mercury in the solution 
tested. 

We make use of this method in the preparation of standard 
soliitiuna of mercury for the determination of chloride of sodium 
and area, nflcr Liebig's method. 

0. When a hut solution of a pbosphatic salt, which is soluble in 
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watwr M acetic acid, is treated with scsqaiacelate or lutratc of 
uranium, a yellow predpitatc of phosphate of uraniuni is imme- 
diately product. And if an ammoniacal salt, in sufficient qoasUty, 
be present, the precipitate will also contain ammonia (2 (Dr, OJ 
N H. 0, P 0, + X HO); but it yields, like tlie former, when 
heated to redness, pyrophosphate of the sesqniozide of araohun, 
2 (Ur 0,) P O . The precipitate is not soluble either in water or 
acetic acid, but dissolves readily in mineral acids; when, however, 
an excess of an acetate is added to the latter the wliole of the 
precipitate is again thrown down. We now make use of this test jj| 
the volometrical analysis of pboephoric acid. 
D. Tesl9.—(See Section s.v.) 
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of this test jn 
are pre9eaft.^H 



Both of these earthy phosphates, as already stated, are prea 
a state of solntion in acid urine ; they are, however, precipitated 
whenever the urine is rendered alkaline. 

We obtain a tolerably accurate idea of the quantity of earthy 
phosphates in the urine by invariably employing the same volume 
of urine, 10 C. C, for example, and observiug the quantity of pre- 
cipitate which is thrown down on the addition of an alkali, I shall, 
in the Third Section, call atteutiou to the exjierience of Beneke 
on thb subject. 

The quantity of earthy phosphates varies considerably both in the 
urine of health and disease ; on this point Beneke has made a 
great number of observations. (See Beneke, Ber PhotiphonaMre und 
oxaUaure Salt. Giittiugeii, lh>50.) Lehuiauu found that under m 
mixed diet the average quantity of earthy phosphates discbai^ect 
with the urine in twenty-four hours was 1-093 gramme ; Lecanu, on 
the other hand, makes the quantity vary, during the twenty-four 
hours, from 0-029 to 1-960 gramme. The amount of phosphates 
in the urine seems to bear a very close relation to the nature and 
quantity of the food which is taken ; it is, for iuRtance, much 
greater under a purely animal than under a vegetable diet. Lehmann, 
in the twelve days during which lie lived solely upon animal food, 
passed an average of S'562 per cent, of phosphates in twenty-fout 
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The (joantitj' of the phosphate of Lme is often cousiderabiy 
in the urine ofyouug children and of women in the 
JVefpCfal state. In the Latter, indeed, and particularly in the sixUi to 
l%faUt month of pregnancj, it oft^u happens, that the urine con- 
tains BO lime. 

An extended series of observations, which I made in the case of 
Ibor Imlth; yonng meui concerning the separation of the earthy phos- 
Jfb»im, gave the following results : — 

1. From 0-04il to J -012 gramme was the average amount (in 
fifty-two obaervatioiis) of earthy phosphates passed during twenty- 
foar hours by adult men of twenty to twenty-five years of age, under 
normal conditions. 

I'be maximum reached an average of l'I38 to l'2it3 ; once only 
was 1'5&4 gramme passed in the twenty-four hours. 

The average niinimum was 0'8 ; on one occasion the minimum 
was only 0-328 gramme. 

8. The average quantity of phosphate of lime found, in fifty-two 
olwervations, was O'Sl to 0-37 gramme. The maximum (mean) 
qoantity was between 0'39 to 0-52 ; it once reached to 0'616 gramme. 

The minimum was tolerably constant 025; once only was it 
0'15 gramme. 

8. The average amount of phosphate of magnesia in fifty-two 
obecrvations was 0-64 gramme. The average maximum quantity 
ns 0-77 ; once only it reached to 0-938. The mean of the 
minimum quantity was 0-5 ; the minimum in one case was as low 
as 0*178 gramme. 

4. Under normal conditions of the body, an average of about 
3 eq. of 2 Mg O, P O, was passed with the urine for each equivalent 
of 8 Ob 0, P O,. 100 parts of the phosphates contained an average 
of about 67 per cent, of phosphate of magnesia, and 33 per cent, of 
phosphate of lirac. 

6. Salts of lime, taken by the mouth, either do not pass away at 
all with the urine, or only in very small quantities; the amount 
thcreforp, of the normally secreted phosphates is not appreciably in- 
ctMsed by their ingestion. 

6. In diseases, the absolute quantity of earthy phosphafej differs 
conndcrably from the normal standard, and so also does the rcl^ive 
prtiportion between the phosphates of lime and magnesia. 

75-,Ai.— There is no difficulty in ascertaining the presence of 
phoephoric nciil in acid urine. The precipitate of earthy phosphates, 
whiclt is immediately thrown down on the addition of ammonia, is a 
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sure test of its presence. We can also readily discover whether 01 
not the urine contains other phosphates, besides the predpitatec 
phosphates of lime and magnesia, by filtering the precipitate whid 
is thrown down ))y the ammonia, and testing the filtrate, after it ha 
been made acid by acetic acid, with a small quantity of perchloiid< 
of iron ; if a whitish-yellow precipitate be thereby thrown down, th 
presence of some other phosphate in the urine is indicated. Th 
earthy phosphates are found in the form of sediment in alkalin 
urine, and will be therefore spoken of under the head of SedimenU 
In order to separate the lime from the magnesia in the predpitat 
which is thrown down by ammonia, and which consists of phosphati 
of lime and ammonio-phosphate of magnesia and the precipitate i 
dissolved in acetic acid, a little chloride of ammonimn added, an< 
then a solution of oxalate of ammonia, which precipitates the lim< 
in the form of an oxalate ; the magnesia remains in solution, an< 
may be afterwards precipitated from the filtrate by ammonia in th< 
form of ammonio-phosphate of magnesia. 



section xvi. 
Iron. 

A. Occurrence, — Iron is rarely found, except in the ash of urine 
and then only in exceedingly small quantity. According to Di 
Hurley, it is a constant constituent of urohsematine, which leaves ai 
ash of nearly pure oxide of iron when strongly heated. Iron ma; 
be readily obtained from the ash of urine which contains blood ; am 
this fact was becQ made use of as being demonstrative of the exist 
ence of blood in the urine, when its presence could not be show: 
microscopically — there being no corpuscles visible in it. This tes 
is, however, a very unsafe one in several respects, for, when prepara 
tions of iron have been taken by the mouth, the urine often contain 
a quantity sufficient to make its presence immediately recognisabl 
by ordinary reagents ; and then, again, in other cases, iron is foum 
only in very small quantity in the ash. 

B. Chemical characters, — Sulphide of ammonium, added t< 
solutions of protoxide and peroxide of iron, throws dowu a blacl 
precipitate of sulphuret of iron, which is readily soluble in hydro 
chloric and nitric acids. 
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2. Fernx-janide of potassium, added to a solution of peroiidc of 
isioiia a deep-blue precipitate of ferroc^anide of iron 
'P^naBiaii blue) Cfj 3 + 4 Fe. ITie precipitate which it forms in 
of protoxide of iron is of a bluisli-white colour, and consists 
rf fiaroc^aiiidc of potassium and iron (K, Fe 3, Cfy 2). 

8. Sulphocyanide of potassium does not alfect solutions of the 
|»rntiii[ide of iron, but it produces an intensely red colour of sulpho- 
luiiuiic of iron in solutions of the per-aalts. 

I. If a solution of permanganate of potash is added to an 
aciJ solution of a salt of the protoxide of iron, the protoxide passes 
vboUy into a state of peroxide ; and when this stage of the process 
is attained, a few drops more of tbe solution of jjcrmanganate of 
potash, added to the mixture, impart to it a beautiful red colour, 
l0(FeO,SO,) + 8SO,+ KO,Mn,O, = 5(Fe,O^3 8O,)+KO, 
SO, + 2 (MnO, SOO- 

c. Te»U, — For testing and ascertaining the presence of iron in the 
urine, the ash obtained from the urine is always employed. The ash is 
dissolved in a little hydrochloric acid, and tbe solution divided into 
two portions. One portion is boiled with a drop of nitric acid, and sui- 
pboc^anidc of potassium then added to it ; thereupon, if only the 
snialles>t quantity of iron be present, the fluid will assume a reddish 
ooloor, and if a considerable quantity of it, a deep dark-red colour. 
Wlien mere traces of iron are present, the change of colour is best 
observed by placing the tube over a white ground and inspecting it 
from above. If, instead of sulphocyanide of potassium, we add to 
the second portion of the fluid — after boiling it with nitric acid and 
iHlii* in g it — fcrrocyanidc of potassium, we shall fiud that in a short 
tine Uue flocculi of Fmsaian blue separate in it; and if the quantity 
iron be considerable, the Prussian blue will be immediately thrown 
down of a beautiful colour. 



SBcnoN xvu. 
Ahuoniacal Salts, 



Th* lietermiuatiou of the presence of ammoniacal salts in normal 
urine is attended with much difficulty. We well know how readily the 
colouring and extractive matters of the urine undergo decomposition, 
■ad how easily the urea passes in1« carbonate of ammonia, especially 
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iv!i iiv- liirr natters ini-iiiioneti abi^ve) are also present in it. 
lis - . •. -ii-^s lie ::»'a*Mi why opuuoiia differ so much conceniing 
Lw 'r-irii Li: I iie numitv jf ammonia present in healthy oiine. 
.iiiiu- ".;.; ^ UT..V* luuua Ji the froduccs of the distillation of 

t. 'V :r'". . viivii ias m iei»i reaction, however low the tempera- 
;r- ki vi:^ ; ^.- i:-aliaii«.n :a eifected ; and yet the remaining 
'«iv : r.i-. ir::ie .s :iten roimii to redden litmus, even more 
"• \:- ....:: * ^ i iv :r>t. TUis apparently contradictory pheno- 
•••. '-. :.. .*. ••s '!LjuL*neii : — The acid phosphate of soda of the 

;— •. . vt. : uaui. -aja'S ietrumpcsiuon of the urea, in consequence 
I TV*. I uxciiio- aosr.hace ot '54>da is formed. Now this salt 
v-te" ::. r^v-tr- .*v *u at l')*J*^ C ^ili*^ Fahr.)# of giving off 
L.n.". -u.. i.*..i ^r.iru::^ icun "ro the state of acid phosphate of soda. 

"•s.; . ■%:• V :u: i? 'iw listiUaCion continues, the acid phos- 
.• . >, . . , .i \::x'\i -iie area: and the urine therefore 

.'% '^ ^ ;.:::> :.- jc:a :^acnt:n. whilst a considerable quantity 

\^ .,'. \ ' ■ y ::;r-. io«vev;r. :iie presence of small quantities of 

..nir. • ..v^ -!;'. '^ i > .urn • ir^e nay be ascertained with certainty; 

V *• -^^Cii' '^ ': il-ix-. c Bcussingault, and of myself, leave 

I-. ^- ., . '^.■**':. -.' ■: in: ncciacal salts in acid urine, freshly 

_ . . . . — . .« -rnr. :a:<Hi c " a sclution of suprar of lead, 

....,, « c,ij • *jr'*.!. and the tiitrate treated cold in a 

. v • V ;i '. l""*.e d.i^k IS then closed with a stopper, 

»v! ^ - • ■. ! .5i:/"Cvl timer o-yaper 13 attached. This test- 

. 'to- * ^-^r-. Whence comes the ammonia thus 

'. . . .^. H ^: -. - "v .-c li3ie? Urea is not decomposed 

** . : »» n- c • •• • :c ce the i*i;iment and extractive mat- 

. . ; . ., . ' I* . .."^.V. ffe muM consider it as 

, . . .t. " / : ''V \'ii contains ammoniacal 

.^ . ,. .« : 4\''i'r\i i'i 'lyrmal urine {precipi- 

. ' ',"■:■■ •*':.:, ¥r'*ilck is cupable of 

.< . -■ - ■>• «;.•; .:.i by tnilk of ilme, in 

' .„ , r. 1 made use, in my experi- 

■'..•.. l'.v.5 ; rAXss is founded on the fact, 
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SILICIC ACID. ca 

k* fixed bj a standard solatioa of sulphuric acid, aud its quantity 



H&ving satisfied myself of the practicability and correctaesa of 
M method, I proceeded to ascertain the quantity of ammonia 
' by healtby men iii 2i hours. My experiments show that an 
of 07243 gramme of ammonia, corresponding with 2'278S 
a of sal-ammoniac, was secreted by men of from twenty to 
lUr^-six years of age dnring 24- hours. The quantity varied in 
t4 experiments between 0'ill23 and 12096 gramme of ammonia, 
flonesponding with 14273 and 3*8038 grammes of sal-ammoniac. 
1 nsde my experiments on two healthy men of twenty and thirty- 
dx jeus of age, and found that the latter passed on an average 
ha largest quantity of ammonia in the 24 hours. 
fllie following Table will show the difference : — 

UtD so reftri old. Man 3S jean old. Differenoe. 

NU, NH.a. 'nh, NH.O? NH, Nii^ci? 

hMhonra . 0-6137, 1-9305 0-8351,2-6361 0-2214, 0-7()56 

la 1000 C.C. j (,,3939 ^.2390 0-5245, 1-6560, 01306, 0-4170 
of nnne . . I ' ' ' 

TTiB greatest part of the sal-ammoniac taken by the mouth passes 
wmrnj oBchanged with the urine. 



SECnov xvm. 
Siucio Acid. 

1 Urine contains only a very small quantity of silicic acid. The 
following ia the process for obtaining it : — A largish quantity of 
urine is evaporated in a platinum or silver basin, and the residue 
reduced to au ash. The ash is mixed with an excess of pure car- 

\ boaate of soda and potash, and fused for some time in a platinom 

I crucible. The mass is then dissolved in water, the mixture acidiiied 
with hydrochloric acid, and evaporated to dryness in a platinum dish 
io I water-bath. The residue is washed with water, and the silicic 

I add remains behind in a pure state. 

The aihdc acid thus obtained is a white powder, without taste or 

I gofiD, and feels gritty between the teeth. It is insoluble in water 
ud ia acids, hut is completely dissolved, leaving no residue, when 

I boiled in a solution of carboaate of soda. (Signs of purity.] 



64 ALBUMEN. 

ABNORMAL CONSTITUEXTS OF THE URLSE. 

section xix. 

Albumen. 

Composition : — Scherer. Mulder. 

In 100 parts : Carbon . . 54883 53-5 

Hydrogen . . 7 085 7-0 

Nitrogen . . 15-675 15-5 

Oxygen \ £20 

Sulphur 1 22-865 1-6 

Phosphorus ; 0*4 



1000 
Its rational formula is not known. 

A. Occurrence. — Albumen is the most important of the different 
materials required for the maintenance of the body ; its serves for its 
nourishment^ as well as for the restoration of the used-up tissues. 
It is therefore present in large quantities in all parts of the body^ 
and forms the chief constituent of the bloody the lymph, and the chyle, 
of all serous fluids, and of the liquid of cellular tissues. Patholo- 
gically, albumen is found in the urine, under very various conditions 
— in slight, as well as in the most serious disorders of the body. In 
a perfectly healthy state of the body no albumen passes away with the 
urine. Observation teaches us, that its presence in the urine is not 
invariably a consequence of kidney-disease, for there are periods in 
the course of many chronic and acute diseases, during which albumen 
appears in the urine. Its occurrence is most constant in those 
affections of the kidneys to which the name of " Bright* s disease " 
has been given. 

It is not the object of this book, nor is it my intention to give an 
account of the different diseases in connexion with which albumen 
is found in the urine. This much, however, is certain, that it is 
necessary to test for albumen every specimen of pathological urine, 
the condition of which we wish to investigate ; for, as we have seen, 
the presence of albumen in the urine is not associated with any one 
particular form of disease. 

The presence of albumen in the urine is not indicated by any 
special microscopic characters. 

B. Chemical characters, — Albumen belongs to the class of nitro- 



1003 principles of animal and vegetable bodies, wbich Mddcr laas 
■BBOCmt«d under tlie head of " proteine-bodies." All these com- 
'poutwls — albumen, cascine, fibrine, sj-ntonine, &c. — are closely allied 
JD tbeir percentage composition, and have a great resemblance in their 
Aeonical characters, but diHer in their actual constitution. The 
tlnef representative of this class is albumen, whose importance in 
Qie animal economy is great. 

Albumen presents itself to us under various modified forma. Two 
of its conditions, the soluble and the insoluble, require especial 
notice. We find it in a soluble state in all parts of the body. 
Its solution does not depend solely upon the presence of water, bnt 
is in part attributable to the presence of saline matters, and more 
especially of a free alkali. When a solution of pure albumen is 
evaporated t» vacuo, or at a temperature of 50" C. (122" Fahr.), 
the dissolved albumen is left as a pale-yellow, translucent mass, 
wfajdi may be easily reduced to a, white powder. It swells in water 
to & gelatinous mass, and is only partially soluble in it; when, 
however, a small quantity of any alkaline salt is added, its complete 
sohitton rapidly tidfes place. The plane of polarisation is turned to 
the left by a eolation of albumen. 

The influence of numerous bodies, and sometimes, indeed, the 
action of the air alone, converts the soluble into the insoluble form 
of albumen. Eecently -formed insoluble albumen has a whitish 
floccnlent appearance, is without taste or smell, and, under the 
inicro8G0|ie, shows as an amorphous graimlar coagulum. When dry, 
it forms a yellow, homy, translucent mass, which is easily pulverised, 
uid 18 insoluble in wateij alcohol, ether, and dilute acids. 

Soluble albumen is coagulated and converted into the insoluble 
form by most of the acids, when they are added to the solution of 
albumen in alight excess. Organic acids, however, with the exception 

I of tannic acid, do not precipitate albumen from its solutions. 
Albamen exhibits, with most tests, tiie same characters as other 
proteiiie-bodies. The following phenomena presented by it are 
worthy of note : — 

1. Albumen is completely dissolved when exposed to the action 
of B solution of caustic potash or soda ; the solution has a yellowish 
Golonr, and contains the albumen in an altered state. On neutral- 
ising the alkali with an acid, the dissolved albumen is throwii down, 
and aniphuretted hydrogen, proceeding from the sulphur contained 
ta the modified albumen, is evolved. 



r>ri ALBUMEN. 

2. Concentrated acetic acid, assisted bv heat, also dissoWes ilbn- 
men ; and in this solution ferrocyanide and ferricyanide of potasnom 
til row down peculiar precipitates. 

3. A violet-red coloured fluid is produced when albumen is 
lieat(^d with concentrated hydrochloric acid, and, better still, witk 
the addition of a little sulphuric acid. 

4. Concentrated nitric acid colours it yellow when heated. (Xan- 
thoproteic acid.) 

5. A solution of one part of mercury in two parts of nitric acid 
containing four and a-half equivalents of water (sp. gr. 1'41), is 
the most delicate test for albumen, as well as for all proteine-bodies, 
whetlier ch'ssolved or undissolved. An albuminous fluid, heated 
with this solution of mercury to from 60^ to 100^ C. (140** to 212® 
Fiihr.), becomes of an intensely red colour, which does not disappear 
on ex])osure to the air, or after long boiling. 

6. Albumen becomes of a brownish-yellow when a solution of 
iodine in acid hydriodic acid is added to it. This reaction is espe- 
cially well observed under the microscope. 

7. Heated on platinum foil, albumen rapidly becomes brown — 
swells uj) and gives off an odour like that of burnt honu The 
bulky carbonaceous mass remaining is burnt with diificulty, and 
leaves a greyish ash, consisting chiefly of lime and phosphoric add. 

8. Albuminous bodies subjected to dry distillation, as well as 
under thc^ iuttuenee of oxidising agents, and when undergoing putre- 
faction, are decomposed into a number of new compounds — amongst 
others, into formic acid and acetic acid, into fatty acids, butyric and 
valerianic, benzoic acid, oil of bitter almonds, and into two ciystal- 
line compounds, leucine and tyrosine. 

9. A solution of albumen, heated in a test-tube over a spirit lamp, 
becomes turbid at a temperature of about 75^ to 80^ C. (167® to 
1700 Fahr.). The coagulation commences at the surface of the 
fluid, and then extends gradually downwards through the tube. A 
white flocculent coagulum, which, under certain circumstances, is 
more or less coloured, is thus formed, the albumen passing into an 
insoluble form. Several points are worthy of notice in reference to 
this simple test: — When the solution of albumen is very much 
diluted, the turbidity will often appear only at a boiling heat ; and 
to obtain a distinct coagulum, it may be necessary to boil it for a 
long time, and then allow it to stand. When the fluid has a slightly 
acid reaction, and provided there be no excess of add present. 



coagulation usuaUy occurs. But if the aolution be neutral 
itlf alkaline, he&t often occasions merely a 8%lit turbidity, 
1 ihougb a consiilerable quantity of albucieu is present. la such 
(, the albumen remains in solution with the alkali. If, howcTer, 
tre beating the solution, acetic acid is added to neutralise the 
ili, the albumen is completely coagulated and thrown down in 
J6 floccali. Care should be taken not to add ui excess of the 
Ij becaose albumen is moie or less dissolved by free acetic acid 

the boiling. 

^e coagulum thus obtained is the insohible form of albumes, 
1 con4X>rts itself, in relation to solvents, acids, and alkalies, as 
ive described. When heat«d, and particularly when boiled, it is 
i9ol<rGd by acetic and hydrochloric acids, — the latter acid giving it 
reddish-blue colour. 

10. Dilute nitric acid added to albuminous solutions throws down 
white [)rea|iitate of nitrate of albuuK^u, which is soluble in a large 
laatity of water — an importajit fact. Other mineral acids produce 
UkeeHect. 

11. Strong alcohol produces complete coagulation of albumeu in 
ilution. Diluti! alcohol occasions a precipitate, but does not 
invert the albumen into its insoluble form. 

12. Uost of the metallic salts, and likewise alum, occasioa dif- 
«ntly constituted preci)iitates. The precipitate causetl by subli- 
ite of mexcur}- is of especial interest. 

13. Sugar and concentrated sulphuric acid become of a beautiful 
) colour with all proteine-bodies, just as happens in the case of 
Uic acid. (See Ga/iic Acid.) Schult&c. 

11. Xa albuminous solution turns the plane of polarimtion to the 
!l. Hoppe availed himself of this property of albumen for its cjuan- 
»tive determination. The divergence, which is jiroportional tn the 
of coucentration, is as marked as in the case of a solution of 
ra|>&«ig&r of similar percentage. 
15. AJhuminous bodies, treated with a solution of sulphate of 
ipper, and heated, after the addition of caustic aoda or pot^isb, 
iparts to the solution a beautiful violet colour. The reaction does 
ot take place, or at all events is imperfect, if the alkali is added 
Bfare the salt of copper. 
c. TaU. — The presence of albumen in the urine ia ascertained by 
Tcry nmple process, wliich, if carefully performed, leads to positive 
tflulto. Tlie reaction of clear or previously filtered urine is first 
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iruil. niiii a tesi-tubo, half full of it, is then heated over a spirit 
Liinjv If it contains albumen and has an acid reaction, the surface 
1^1 the uri'.u' lucomes turbid when the heat exceeds 70^ C. (158® 
r.ilir.\ aiul coairulation of the albumen quickly follows. If the 
wxxwc he vwhvT ni utral or alkaline, the coagulation will not take 
Y\iU'i\ !\>r nasi-n? above given, or there will be at most only a milky 
Hirl '..i:.r>>. l^ut if before heating we add to the urine a little acetic 
;u .li. i.iritu'.lx a\oidinir an exc(»ss, a flaky coagulation will txike place 
\\\ \\v ur'.v.o whoii boiled. If, again, the urine be very acid, and 
»\*i.:;;'.'/.<. i\ r i:'>t;x!iit\ frt^ hydrochloric or nitric acid, which may 
Tx\;J. '.> h.r. -.vr. \/iu:i these acids have heen taken internals, boiling 
ir.r.> ::\\. :.^ ;T\v.r»*c ooairulation of the albumen. To obtain the 
A.:*v.'./.x •/. *.v. su.'*. o;\5e the urine must be, first of all, sufficiently 
v.. ./..,... ;v. \* •.:*:. \;r} iJihite ammonia. When all these precautions 
I'.ix.' Iwv. r.Viv. '.:' wo obtain, on boiling the urine, a turbidity or 
v"..\\.'.^i:. . w v. .V. ov. vw^lin^r is not dissolved by nitric acid, we may 
x**'.-^..*..". :':ri' :.":*<;• r..*-. o: rslbiimon in it demonstrated. 

i\i>»s. :•./«, \.r. ::?;• vwwsior.ally met with, in which a precipitate 
'.^ t.»*.'.'.»\v .'•'. ••.'.'v.-^ ::'.;* urine (particularly if the urine is only 
>'.u:V...\ . . .-. .- v.; ..:r:=.' . but in which, nevertheless, no trace of 
.i'.'.w .'.. .. .^ /:vn; .•:. S.::h i^rtvipitate consists of phosphatic earths, 
« ...':'. •: > <':..S ;'>:.,*. -.iriv,;* ari" i^*nerallv held in solution bv the 
\\^s . ./.'.. ,;. .1. i"*-.. :\'.c expulsion of the gas by boiling, the 
v!u»-.'':'. ...N . V v:\\ .v.:.r.;v. ii\ a llocculent form, and can then 
•»» MwS :\ .'. ^/ ;;.. >V.L.? Vn :V.e tvo from coasrulated albumen. AH 
.i,'iil». .'.'* \/ v.s •.'•.;■.•.:•. > v.v.:r.iV.:ntelv removed bv the addition of a 
u V* .'.'.v* >^ .'■ .'■- ..;. ^.'.r-.v*:/.."?:. ;w:.l to the urine (when cooled), in 
«:....'. . ..■ ."AX •■.•,./:.• 's >v.<ivrAic\i. 1: the precipitate consists of 
^« '..-.»:«. i.;> .. \w... ■■.' .v..v...i:;\v vV.stipiHMT. aud leave the fluid clear, 
h\{\ V. .»f i.l'u I'.s". '.•; \w.', :r:T.\v.!i ur.chaneed. Tliis state of the 
uuiu\xi\ Mw^'.-.x '•/,'. \ s\v..rs. .i:ul thcrt^fore the subsequent testing 
wall u\u..' u.a nV.,-..\- '..Vir Vc o:v.irc\i, whenever any slight tur- 

\i\Ai\\ u-u'.'.-* {W\\\ ';v '/\'X. 

\ M,,iu.i -^jsw-'a'*. ^^•. ;' e oIv\ir or pnpviously filtered urine is 
UiaUil \\n\\ .".vo w\\\\\\ \\s \y.\\\\\c ct piuv, moderately-concentrated, 
uuiu- Asxd \ sli^ii'vc curl>\v.:v o: tho tJuid thereupon results, if 
tiiil\ a \\i\ NMu". ,.u4V-:*':\ v'f .vllniT,;*" Iv rrest»:it. and a dense white 
piiv^iUatv It ilu' viu.r.icuv K* vvtisivkrHC'.e. 

V\w W^X with uiitio iii'i^l WAV. ivwrvlii'.j: to Heller, be also applied in the 
h' I low III*; \v'ir> uv«t way : -A littW i»uiv ooucentr^ited nitric acid is poured 



I k dwiapagiie-gtaas, and the oiine to be tested then allowed, b_ 
pip«tt«, tu nm down the side of the glass and spread over the suiraoe 
M Mnd. When this is oarefallf doDc, the uriaa fioitts on the surfaoe of 
irid, uid theif admixture takes place slowl; and gradually. lu moat 
1^ Ml ititeosclj rod. violet, or blue ring — the reaction of nfoxanthine — 
rata ilaeU at the point of contaot of the two fluids. The observer must 
Donsider this pin; of ootoura u a bile'pigment reaction, unless a ^een 
'■ distinctly viaible under the blue. If the urine contains mere 
e» of albumvn, this test eihibits at the part where the fluids come in 
bust a oiroohir turbidity well defined above and below. Thia reaction 
■ for some length of time ; but the noagitlated albumen at last sinks to 
bottam of the gloss. A turbidity, which at the first glance seems of a 
ilai tutur«, may oociir, when the urine is riuh in urates. In tbui case, 
S k ling-thapcd turbidity is formed ; but the ring is placed higher than 
povtion of the albuminous ring. The lower and also well-defined border 
I higher than the point of contact of the two fluids, and generally also 
her than the upper border of the albumea turbidity ; moreover, it is not 
Q-dsfised abare, but vanishes gradually towards the surface of the urine, 
Iw urine oontaina albumen, and at the same time a lar^ quantity of 
two rings may be formed — a lower albuminous ring, which is gene- 
Ij tepUKted by a clear layer from the upper stratum of turbidity formed 
the orates. In suoh case, it is betler, preTiously to tasliug, to dilute the 
with two or three parta of water, in order to prevent the reaction with 
ntci, or at least ta reduce it to a minimum. Turbidity caused by 
I alao disappears when the urine is gently heated, and all doubls as 
bi lwtar« are thereby at onoe removed. Id very concentrated urine a 
Ittpitale of nitrate of urea may also take ptaoe ) but it is of a vryslallino 
ti immediately disappears on the additiun of water. 

^^^Eb— another of llic proteine-bodies — is sometimes met with in 

nrin^ appearing in the form of large cosgula, particuliirly in 

e inflammations of the kidneys and urinarj pnssagea. Urine of 

natirn always contains blood, and is cooscqueiitly albuminous 

The pccuhar tubular cjHndcrs, which Prerichs regards as com- 

sed fibrinous coagub, will be treated of under the head of Sedi- 

ta. 

Cows ore also occasionally met with in which tibrine ia separated 

ID the urine, piirtly in gcUtinoos masses, and partly aa graoular 

Uuead particlcfl. 
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r - .t:_j- :• 'Lrfr? i.^". !-*v-'— ^-r ^ "LiKir libkATScn from oidiiiaij 

:r .:.-.^- ^-: -. riitci-cs ..ii;ii: ^ uif iiriue- TLa* Dr. Beaoe Jona 

.lA'.^ ... .^j i.Jiu.^m. 3l i~. zQw i'7-Iv(^ leiaieB tke CMC of 

L iu^ *ii-ftr^ ::r.*xi nv.tjcxrs rH^ntr. ^x. v^jse* urine he foandy 

▼ u- -. ■^'. .: ^ >.-I:zir -ru-sr jrfcipiucftt ':_t msic »cii and then le- 
L.-9. Tr: Ti:-:i ii:a£.:-:. ^p^'^- — -f^ ii.rt^tr, fr:^ die fluid as it 
.".•. j:t:. l"^ >::Lj,'rt:TLr. w^*-^ ia^«t:*:uc ic> liit :c^tf sefits lor alKunMni 
kv.'^t-ii-T-i.i'.if^i — s-jx. » k»&{ ftTdL jfl ri-igniid de of polaaHiUDi 
till nar^-n.:^: i7~r^T3: b7>L — prrrwi h 40 be i proteine- 
::•-;•. "^: : ^: r.t z*^.: — lt ui-ri-ii ¥:ii "r»:cr and nitric add forbid 
-t :l-ir--^^ :: -j>-!i.-i: .^i^ iiji i^ki jc L':*;^:^^ or caseine — at least 



ri-ft:.. t.!»>.f Lu dC iis. i* aIjc praKZS is. L««2k^t vine. Tliis sab- 
«!Uii9c. U^xj^ I'aj i^ «i:ac^iec» habi xz re fa^s c c to albuDMi u dosi 
IT. .Jt>>«r: v^ ^^j'.i^ - Al'i'^SLZz.wc if fVMssct&'&ed bj tumim mnd seTeiil 
ii,=ztk^ii t-L.'Ji. »: not 'oy bi&HL «r M&ds^ «r tikaht^ It is. as asserted, 
^vkva i^*:^!:: in fic&'.i&T ^Tn.-:. KU slfo IS Itt abxMn&al statea. In s 
caiM •x br^r *.'i 41X.U16. '- >v«rcr. in vbicn ihs cziae eoccaiaed mach albumen, 
£»v ^'. *i:Lii.-.»= wu f'^cnd. Bajlon pc-icud cc: tartiale of eopper as being 
a v«:r/ w:i.t:t:vr; V:s: cf il:::=i=.:is«. Hir ::rice. after the addition of a few 
*irj'/t 'A i^j*j^tl-1*:j. ii V.il<<. dltered. and a solution of tartrate of copper 
a/i'i<:^. ULtii tLe icutnre assnmes a lizbtish Mue cdonr. In the course of 
ari hour or two the tartrate of albominoM .r is precipitated; it may be 
ruAiiivAvtA by heat, but a?ain eeparat^s as the duid cools. (Canstutft 
JaftftiUfi^hL 1-W, p. I'T'J.; 
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Diabetic Sugab. — Grafe Sugak. 
(>>fri|xiMtion, — In 100 parts:— 



AiiliydniiiH — ('arlwii 

Hydrogriii 
Oxygen , 

Furiiiiila: (',.4 ll,j 0„ 



40-00 Crystallised— S6-S6 
6-66 * 7-07 

53-34 56-57 



100-00 



100-00 
C„ H„ 0„+ a H O 



DIABBTIC SUGAR. 7] 

A. Occurrence. — Grape-sugar, wbich ia perfectly identical witii 
rragar of aiiae, ia found cxt^uaivel^ distributed throughout the vege- 
laUe kingdom. It is also found uoimalJj in auimids, oud in some 
flf the fluids of the body in its diseased couditious. It is, for 
Bstanoe, alvaye preseut in the cotitentfi of the small iutestinea &ud 
M Uie chyle, after saccharine or amyliiceous food has beeu taken; in 
Ike het^e e^g, whether hatched or uuhiitchcd, and in the jolk as 
well as in the whil£; and also iii the amniotic aud allantoic fluids of 
cattle, siieep, and pigs, and in the liver. Sugar, again, has been 
fivqncntly found in the blood, and pariiculariy in the blood of the 
hepatic veins. According to Lehmann's latest observations, the 
blood of the vena portie contains no sugar; consequcnUy, the 
{ormatioD of the sugar must take place in the parenchyma of the 
Iwer. 

As, then, there is no doubt that sugar is noruially formed iu Uie 
body, and that its appearance in any of the escrotions is abnoruiai, 
except, perhaps, in the merest traces, we are necessarily leil to the 
oondnaioD that it gradually undergoes further changes in the body, 
putai^; through several intermediate forms with which we are not 
Tot acquainted, and that it is at lost completely oxidised, and passes 
amy from the body in the form of water and carbonic acid, 

Tbe numerous researches of Briicke seem clearly to show that 
healthy urine frequently contains traces of sugar, llie sugar, how- ' 
tnvr, only appears in large quantities in cases of diabetes meUitus, 
■nd in such cases is found to be increased also in the blood, the 
matters vomited, the sahva, the svreat, &c. Iu other diseases sugar 
u also occasionally found, as for example, in cases of disturbance of 
dM abdominal circulation. Injury of certain purls of the medulla 
oblongata in animals again will produce a temporary attack of 
diabetes. According to Lehmann, saccharine urine is observed in 
women twenty-four to fort)'-cight hours after weaning. 

B. MicroKopieal eAitracleri. — Diabetic sugar usually crystallises 
io ooufusa) masses, which have the appearance of wart-like conglo- 
menrfions, and cousist of small plates grouped in a cauliflower form. 
H^eae plates have a rhombic character. But if the separation of 
crystals lakes place rapidly from a solution, the crystals appear, under 
the micnscopc, not in the form of plates, but of irregular, striped, 
ud rouniKsfa masses. 

c. Ciemieal c&araelers. — Pure grape-sugar is white, and without 
■mell ; its taste is not nearly so sweet as that of cune-sugar, neither 
is it so soluble iu water. Its solution has no action on vcgelable 
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ir^ : .rir .if Zi^ic . i ;> uirjttni:ii to :iie rurht. It is com- 

• -~ •■ :>• . ■.- :: -'^j.cr. j'U m lit^nrciy ^cluble in alcohol. 
•• •■ — - . ,"•:;»-— "i-TiT r^/i:f-: :• r ?*:ine rjiie to a heat of 100"^ C. 
:.; : .-■ j'.- i™:.: :i Vit.-r f rv-jMlli^anoc 2 eqs.)- Cane- 

* i-T,? ■•'..- .'j 1. '-.^iiiv a': 1 rc.i ;« ^-irj?**': !_ii:!iE : ii* aqueous solu- 
- 1 . .>■> : ::• -.-r::- . -lit: n ? -^ "i-- r!-rL:-aiiJ herein it ajrrees 
T-^ -r-'.w^:::- j^u:f-r'"4:rir. •'■:!: ". "lir :e.rr*?t? o: the diveigence. 
"^"i'^::. .:■ V ■ -' -1 v.-rr".' s..i~. n :£ 'jaiie-sUirJX is disresteJ for 
j^"::- ~^'.- y .1 l_ •.:_* ?::- .iIlti." iciii. "lie yiiirir takes a modified 
: — 11 ■: .— . :r-!::rLr t: s- -si irirjia :aises i iivergeuce of the po- 
Ar.^'^r. Ti' ' ".;•- .r.. T-ij? ^trj'i ar ^r.cerj :: siigaris referred to, 
:r^":i i?r .' i>:^ :«rr^:i iidctt 'i isr :z. "Jie :ia:ici:a:iTe analvsis of smrar; 
"j.-.- rr-:L:^r •: .:<? j-.tt'^ :t 'Ilk ii'-trj^rcce in ei^uai volumes of the 
?;u- ' Mr.::- ?*" . . i . i ii'.-J.:.:::; :J.- iz:-. -iz: ■:: 5u^ir present in it. It 
15 — L.*:. ■ ■•■:-■>> 1^7 ■• ia". :^i: "Li'i lezrse :i: ivergence must be 
:' "■.:->." .-f'.-ri-i'^-i — 5»:-i::':"::5. T^t iziO'iz: ot whose saccharine 

■ * '^ i' ■ ^ ' ^ ' "^ 

I IzTi.'- '-r.^-j. -vizz iciiict: :,: *t-. C, s2S4' F. , is converted 
.::•■ iirL-r".. A" k iLZi^iz :rz:Teri:;ir^ it virlds acid products of 
i.r..-..i"..:z. iz.: .rirs i ■ '.iz_::-j siuzizc iS2. which is burnt with 



•I. I.. ■ :z:.i ' T-.'!i -_L:r-c: .■-:~5 r-.'Ii-.s, in.i esreciillv with caseine, 
iT-i»^ .^-v: ::. '.::.->'j :_; '..-jr.: iwi.:-. .mi rierwanls the butyric 
i:. .- r-r-L.ti'^:.:!.. Il .: ..rcn: urjr.e. fvr- i: a mo^lerate tempera- 
•:r^ ::.: .ji - r- riviL" i: £r :: ^r C. TT- :o 104- Falir.), the 
.:i^ :.j iL i:.:, ^Jn:.:. ^jc:ri:.:r :•: ciir.unistaiices, is acetic. 
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rrir^-su^-'iT :? ccnveneJ into oxalic 






:: ::rni5 ptvuliir compounds, — so-called 



it. W;":ri :r.ir.v ; i«:-? 

m 

<z. /''>^7>^;. {*.;/.. — -2 K — C ,H..O .. This compound is 
nra'iiiy oht ai.^e i by the a-imixlure of an alcoholic solution of sugar 
wiili a hOiUiion or ciiusiic ]»o;ash in alcohcl. It is immediatelv 
xhrAsn (Wau in ih*- :orm of vhiie docculi. \*hich, when exposeil to 
th': air, bocoUiO itiiaciou?, adhere logetlur, ana take up carbonic acid. 

If, Ijiiiie-ffUinont:, — Tiiis coinj)ouiid is obtained as a white mass 
whtn an cxa.-ss of caustic liiue is added to a solution of the sugar, 
the mixture filtered, and the liltrate treated with alcohol. 

c. Chloride of 9odium-gluco9t\—% (C„ H„ OJ Na CI + 2 HO. 
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A solutioa of grape-sugar, mixed with a solution of chloride of so- 
a, and allowed to undergo spontaneous evaporation in the air, 
dystaUises in large colourless, four-sided double pyromids. These 
eiystals ore hard, and easily pulverised ; they dit^olve readily in water, 
bot with difficulty in alcohol. They contain IS^S per cent, of chlo- 
ride of sodium. 

6. A. solution of the sugar, digested with caustic potash or soda, 
heeomea of a beautiful reddish-brown colour, and if nitric acid be 
Uku added to it, it emits a pungent, sweetish odour, somewhat re- 
aenbling tliat of caramel and formic acid. 

7. A solution of indigo-carmine rendered allcatine by carbonate of 
aoda, sod boiled with a little grape-sugar, becomes coloured, if only 
a small quantity of sugar be present ; the solution is first of all 
green, then purple-red, and if more sugar be added, of a red, and 
hstJy, of a yellow colour. If the hot yellow solution be now shaken 
vp, so as to bring it under the action of the oxygen of the air, the 
play of colours goes on in an inverse course. The mixture takes a 
parple-red, then a green, and lastly, once again a blue colour; if, 
bowerer, it be allowed to stand for a short time the yellow colour 
•ill reappear (Mulder). This reaction is a very briiliaut test, and is 
capable of determining the presence of a very small quanti^ of 
sugar. If only traces of sugar are present, of course only a very 
weak blue-indigo solution must be employed. 

8. When a little caustic potash and a few drops of a solution of 
■itlphate of copper are added to a solution of the sugar, either no 
precipitate is formed, or that which is formed is again re-dissolved, 
and imparts a beautiful blue colour to the liquid. This fluid, when 
heated, takes, first of all, an orange-red colour, it then soon becomes 
muddy, and finally throws down a dirty red precipitate of sub- 
oxide of copper. The oxide of copper is, in this process, reduced hy 
the alkaline solution of sugar, and the oxygen which is separated 
acts as an oxidising agent npou the sugar. 

This reaction will take place, after long standing, without the 
appiicatinu of heat and even in the cold. Uric acid, hypox.inlhine, 
mncasj &c,, also, under heat, effect the reduction of oxide of copper 
with separation of red suboxide of copper. It should, however, be 
itmarkcd, that many bodies, when present, prevent the separation of 
the suboxide of copper, as, for example, albuminous matters, such us 
pqitone, creatine, creatinine, pepsine, trimetliylamine, and ammonia, 
or n)m)>ounds which when heated with potash give off ammonia. 
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'J. F^nmsiitaiian is looa obflcrved to oommence in a fMilgfym of 
<«iurir, U} vrui:ii a iinii; j^taoL has htaen. afkU, putieakrljif tlie fluid 
iw kepr It a moiienie lieinee of h*'ar^ li*' lo 2a^ C. (5S^ to 77^ 
f.ihr. . ra« prwcM mAy he readdy ofaserred in tiie fbUowing 
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^ u a snail tlask, into whidi the 
^npir is noodaoed with the yeast. 
The iuk is made to oonunmiicite, 
thffoadi the tabe r, with the flask 
By which is haif-fUed with line- 
of faarrta-waaer. The tobe a is 
cicMcd above bj a bit of wax at i. 
Whem the auxtiue in a is wanned 
to the tempentnze menlioiied, the 
aolotion of sugar soon becomes 
tarbid; a distinct acnm forms on 
its snrfacey and gas is given off. 
This gas is earbonie acid, which is 
separated in the form of carbonate 
of banrta or of lime, on being passed 
throagh the sohition ot lime or baryta. When the erolntion of gas 
ceases, the flnid in a becomes clear, loses its sweet, and assomes a 
Tinoa5, ta?te. The sugar is decomposed into alcohd and carbonic 
acid. 

When the qnantity of sogar is Terr small, the fermentation-test 
may be employed in the way described by Lehmann. A long and 
widish te9t-tnbe is filled to one^fonrth with quicksilver, and the 
fluid to be tested slii;htly acidulated with tartaric add, and mixed 
with a little well-washed yeast, poured on it to overflowing. The tube 
is closed with a caouteiiouc cork, through which a narrow glass tube 
is passed down into the mercury at the bottom of the tube, its ex- 
ternal upper extremity being bent to an acute angle. This apparatus 
is then warmed to a temperature of from 30^ to 40^ C. (86^ to 
104^ Fahr.). If the solution contains sugar capable of undei^mng 
fnrmontution, carbonic acid will very soon be evolved, and collecting 
under the stopper, will force the mercury up through the narrow 
tube. The nature of the gas may be at once ascertained by the 
action of lime-water. 

10. A solution of grape-sugar treated with a weak ammoniacal 
"Hilution of nitrate of silver, and boiled for a short lime, throws down 
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siJrer in Uie fona of a bright metallic mirror. The reduc- 
tiaa is not prevented by the presence of ammonia, an<i 
Ifaerefora be of service uuder certain circumatance^. It must not, 
however, be forgotten, that many other bodies, such as tartaiic acid, 
kc., reduce the silver in a similar way. 

11. A solution oE bi-chromate of potash, containing a little free 
solptitinc acid, mixed vith diabetic urine, imparts to the mixture, 
wheu heated, a chaiacteristic bluish-green colour. (Krause). 

12. To test the urine for sugar, according to Bottclier'a method, 
the urine is poured into a test-glass, and mised with an equal 
Tohune of a aolution of carbonate of Boda (three parte water, one 
put crjBtallised Na 0, CO,); to this is added a little basic nitrate 
of bismuth, and the whole then heated to boiling. If the snow- 
wbite aftlt of bismuth now assumes the slightettt shade of dark or 
gi^, the presence of diabetic sugar in the solution is positively 
indicsted; for, according to Biittcher, there is no other constituent 
ci the urine wliich acts as a reducing agent on this salt of bismuth. 
The arine, however, must be absolutely hee from albumen ; for if it 
is present, black sulphuret of bismuth readily forms and may create 
ConfusioD. Tiiis test also serves to distinguish cane- from gragje- 
Migar, as caue-sugai does not occasion a similar reduction. 

a. Test*, — Different methods are employed for testing the pr&- 
senee of sugar in the urine, according as the quantity of sugar wliich 
it is supposed to contain is greater or less. K the quantity of urine 
passKl in the twenty-four hours is large, for example four or five 
litres — if the colour is greenish-yellow, and the epecific gravity h ' 
above 1-020, the urine to be tested is most probably diabetic. In 
iui^ a cjise the presence of the sugar is easily shown, for diabetic 
urine comports itself with almost all tests, as a pare solution of 
ntgar. When, therefore, the urine is free from albumen, which 
mast be previously determined tScct, 19), the differeut teats for gra^)e- 
sngu may be directly employed. If albumen be present, it must 
be separ^ed according to the cUrectious given (Sect. 19). In testing 
tot sugv we proceed as follows : — 

1, Fifteen to twenty drops of the urine are dduted with 4 to fi 
C. C. of water, \ C. C. of caustic soda or potash added, and a very 
£]ate solution of sulphate of copper dropped into it. K sugar is 
pr^eat, the precipitate which at first forms is re-dissolved on 
■hakiBg, and the fluid becomes of a clear blue colour. This blue 
is theD heat«d nearly to boiliug, whereupon s yellow doad 
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forms, which soon, and without further heat, is followed by a separa- 
tion of yellow or red suljoxide of copper. Care mnst be taken not 
to heat thu mixture of urine iind polash-tey before the addition of the 
copper-solution, as thereby the sugar, and especially if the quan- 
tity of it is small, moy be so altered as to be rendered incapable of 
reduction by thn copper salt. 

A second mixture, similarly prepared, is left at rest for ai to 
twenty-four hours, without being heated, and, if sugar is preset in i 
it, a separation of suboxide of copper will also take place, "niis ' 
counter-test is of importance, and should never be omitted ; for mort 
of the bodies, which {like sugar) reduce the solution of copper, 
require heat or long boiling for the reduction. Diabetic sugar, on 
the other hand, reduces the copper without heat. 

2. A second specimen of the urine is diluted with an equal 
quantity of carbonate of soda solution, a small quantity of tris- 
nitrate of bismuth added to it, and the miitfure boiled for a long 
time. A complete or partial reduction of the oilde of bismuth will 
follow, according to the amount of sugar present, and consequently 
B grey or black colouring he produced. When the quantity of sugar 
is small, only a very little bismuth should be employed ; otherwise, 
the reduction being slight, it may be concealed by the excess of the 
vhite salt. If the tested urine is now left at rest, the undccom- 
posed oxide of bismuth lirst siuks to the bottom, and the reduced 
bismuth is then distinctly seen deposited upon it in the form of a 
beautiful black-velvety ring. 

3. Another portion of urine is poured into a long but narrow test- 
tube, a little caustic potash solurion added, and the fluid in the 
upper part of the tube heated to boiling. If sugar be present in 
the urine the boiled portion of the fluid becomes of a brownish-red 
colour, whilst the lower part of it retains its original appearance. 
The slightest change of colour may be distinctly observed in this 
manner. This reaction is highly serviceable as a confirmatory test. 

Further proofs may be obtained by the tests 7 and 10, and 
especially by the fermentation-test, which may be applied by the aid 
of the apparatus shown in Fig. 1. 

The augar may be readily ubtained from dinbetio urLne ia a pure crysUl- 
line form : for this purjiose the following prooeMes are pinployifd :— 

I. TLe uFine ia ovaporaUd to the oonsiBtenoe of sjrup in a water bath, 
and the reiiidue left at rest until the sugar bai beoume OTystailiaed in the 
form ot yellowish, wuty uasMB. Fiom thle cryBtftUine n 
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II li by the aid of abaaljte nlcohal ; and the 

L.,i n.'sidue b; builing it with spirits of wine 

i h.' sugar thus obtftiaed ifl in ft tolerably 

r rii jll truce of Qloohol by repented oryBtalli- 

^ ^I'lrituous solution of the sngar is first 

ui I iR>. and by eitraotion with alcohol. The 

-■ ihi.- residue dissolved in water, and the 

' . iLloride of sodium. The compound of 

' ~l^lliseG on evaporation, and may be 

■ iirjii, in the form of clear transluoent 

:ii.J in water, and carefully precipitated 

ihoridv of silver is separated by filtration, and 

The sugar may now be obtiuned 

h with alcohol. 

r, that these prooesses only succeed when 

tntity of sugar present in the urine. Caset 

h the angar of the urine cannot be orystal- 

j differs from glucose, as shown by the fact 

t poWioed light to the left. In such cases the 

ratuns it) syrupy oonsiatcnce, and exhibits no 



I, vhen tested, does not offer the characteristics 
1 being heated it reduces the copper solution 
,ny separation of suboxide of copper, and with 
I slight yellowish coloration of the mixture, it is 
ler to satiafj otiraelves of the presence of sugar, to 
e a form as possible, before ajiplying the tests 
IhaSj for example, a slight reduction of the copper- 
) produced by uric acid, when no sugar whatever 
And even when the urine contains sugar the 
ended on, because traces of suboxide of copper 
1 tJiroagfa the ammonia wliich is evolved from urea 
1 is heated with potash. In this case, however, 
t only » yellow coloration of the mixture, without 
a separation of suboxide of copper; and when the 
i to stand exposed to tlie air it becomes blue again 

_li oxidation. 

I different sources of error, a large quantity of 

1 C. C, is taken j any albumen present removed 

I the filtrate evaporated, or if the urine contains no 

I filtered and evaporated in a water-bath to a thick 

kia set aside four or six hours to cool. The residue is 
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then divided as finely aa may be with pounded ] 
tractol witb alcobol (90 p. c), whjeh ^nst be freely nnfJotrf, 
frequently shaken wilh, and allowed to act upon the extract for 
some hours. An aleoliolic solution of pure caustic potash ia theii 
added to the clear filtered fluid, so long as any separation followB, 
&n e:icess of it, however, beiu^ avoided. If any sugar is piaenl, 
the sugar-potash ia precipitated aa an adhesive, resiuoos-like maa^ 
but always in combinHtion with other cryslalline or (locculent potash- 
compounds. After standing twelve hours the spirit of wine is de- 
canted ofl', the precipitate, whether flocculeut, crystalline, or resiuous, 
repeatedly washed with absolute alcohol, and then diMolred in 
water, whicli, under oil drcumatancea, is readily effected. In most 
cases the solution will at once give the required reaction ; but as, 
under certain circumstances, substances are present in this potash- 
precipitate wliich ore capable of reducing the oxide of copper, wc 
cannot even yet be perfectly sure of the eustence of sugar in the 
urine. 

We therefore (as recommended by Lehmann) throw down the 
watery solution of the potash-precipitate, accuraloly neutralised 
with acetic acid, by a slight excess of acetate of lead, filter, remove 
any excess of oxide of lead with sulphuretted hydrogen, again filter, 
oud evaporate the fluid, wliicli is now in most cases as clear a» 
water, to dryness in a water-bath. In this way all the sulphuretted 
hydrogen is removed. The residue is dissolved in water, and the 
test (No. 1) applied. If it gives distinct results, we may be sure 
that sugar ia present; as it is scarcely possible that any other 
substance can be present in the fluid thus obtained which will 
give the sugar- reactions. In applying t!ie copper-test the mistnre 
is allowed to stand, so that if sugar is present the suboxide of 
copper will be separated without the application of heat. Only a 
sm^l quantity of copper- solution should be employed, so aa to 
impart to the misture merely a light blue colour. 

The last decisive proof of the presence of sugar b obtained by the 
fennentation-test, which, even when there is oiJy a very small 
quantity of sugar in the urine, gives very satisfactory results, when 
applied by means of Lehmann's apparatus, above described {"Chemi- 
cal Character," No. 9). If sugar is present the ferraentatiou quickly 
takes place. In order to be sure that the gas evolved does not 
depend upon decomposition of the yeast, it is advisable to try a 
counter-teat with yeast and pure watej. 
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Lcconte treats the potash- precipitate in tlie foUowing way : a 
■bgfat nces9 of tartaric acid ia added to the precipitate, pre- 
nmdj diaeolved in the smallest possible quantity of water, 
the roiKturc sliaken, the bi-tartrate of potash separated by filtra- 
tion, nnd ihe filtrate, when cold, treated with chalk until it is pet- 
ketlj neutral. The filtrate ia then evaporated in a waler-bath, 
hk) the residue exliausted with absolute alcohol. If sugar is 
pRscnt, this solution, on spontaneous evaporation, will leave a 
fjnjt, which after a long time, sometimea only after months, 
dtfonXa crystals, which, indeed, often make up the whole mass. 
Bat it ^n tut contented with the fermentution-test, instead of the 
of the sugar, Leconte advises that the watery solution of 
pot«sh>prccipitate should be simply trouted to saturation with 
le sulphuric acid; the sulphate of potash which separates oa 
removed by filtration, a little water added with the yeast, 
■mI the fluid introduced into the apparatus. 

Bnicke nukes use of the following methods for the finding of 
■^r in healthy urine : — 

•. The urine, 1000 to 6000 C.C, is first of all precipitated 
with s concentrated solution of sugar of lead, filtered, acetate of 
lead added to the filtrate bo long as any preciiiitute is formed, again 
filtered, aud finally precipitated with ammonia. Tliis last precipi- 
Ulc ia collected on a filter, washed with water, and dried between 
thick layers of bibulous paper, which ore changed from time to 
thnc The broken-down caky mass is now first of all rougldy rubbed 
down in a mortar with the aid of distilled water, and a concentrated 
nhition of oxalic acid then added, the rubbing in the mortar 
beiitg continually kept up until a filtered specimen of the mixtare 
pndacn no turbidity. The filtrate is then saturated with finely 
dividi'd carbonate of lime, the mixture again filtered, the filtnte 
slightly acidulaied with acetic acid, evaporated to dryness, and the 
rraidne dissolved in a small quantity of water. To this solution 
Hrfickc applies the ordinary tests, as well as the fermentation-test. 
Dr. Bence Jones does not decompose the leail -precipitate as Briicke 
with oxalic acid, but in a more simple manner, viz., by passing 
itted hydrogen throngh Ihe iirecipitate suspended in water, 
method Dr. Bence Jones found iu many samples of nomul 
1000 lo 5000 CO.— notable quantities of sugar (S to S 

■ains in 1000 CO. of urine). 

i. The urine is treated with strong alcohol, eo tliat the mixture 
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-n T-^ -: 1 sv C-C. of alcohol of 94 
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"" r i_--.r^ - -1 in -: t^u.:'! ^jiiil iLe precipitate which 

'-*';_. -- ?iT.-.. .;m -zzEi il-.f!r-£ iTM a beaker-glass. An 

-L.-'JL- -.ir:.i IT =Liii 3 i^zr ul'x-i r\"^^m to the filtrate 

z- "Z-T— -T" - :!-: " — ^7^ - T-'-jr**! . ii."nl lirm as-paper shows a 

III* i-iiier-^ass, weU covered. 
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r •!■' : -1. ^ •- - -Ti^- -T-=i— -riir iii'ir? Ji ibe cool. The next 
:• •_: m . r :iiT!nI- ijr.'Tiir.f L "ae r-i^* perersed on filtering 
-:.-*-- T-.r-r-;- "n- •-tt :: -.le ixii ::* i^rbed, and allowed to 
i:^, z _- -^ ^ -i-::-r :=? r ir^** .if et 5zieZ of alcohoL The 
' - n -T. *>. -= -a^ :: lie rjs* "vC =.:ir be foond partlj 
• u>. T"_ r^-r:.^. xni.^ ir^ -: >? f^as^rrtd in a veir small 
:— : T-.rcr. i^J "Zr sl.i:z:ii '.if!! :isei f:r the application of 






^> . r-~ T 'ji i-r ^r-az: nr-rrirdcizjxs. uric acid may find its 
»-'. ■-- "T-rf;^-- zLkf?-. T 2 i.^iT-T? iiTisarle to acidulate the 

i-u':^ -ft. .in 2 :: T'-ii^ tt:! ijiyi^blzr.: acid, and allow it to 
<u • : .r "^ T ■"-'. IT I Tx:^, ?rr -hft -z^rxee of separating any uric 
sLi ' -:•■: ^^' > 7f^^-"- r!!e zgiTrL'-^ed nitrate is then sub- 
^.r;:-^ -t; -^ v'c^r- :jsnitii-^ iZfi pccash-testy as also, when pos- 

ji >.«i-ri •? ?> Tr c*?* lie Tiri-jsi 2 lr«: c: all separated from the 
*ja«c TV*:-; r-iCir- > /r^n :l :be :ry?rx'^Te aiass by means of tar- 
. :. : : -1 -^ .: "J:*: -iTTdr S:iz£ penioved from the filtrate by 
:i ri.'rxcLi^ :f. ^^ix. n :*C£iuc: wiih which the fluid is left 
"vr ^'ffit' "^ ^-^-^ • ^' "^^"^ • -^'^ ^iTtrare ci lime and any excess of car- 
MM£^ :,: :ii^ Vin:z tl^' biv« Iwen added, are then separated 
j» fi-.r^i-.a. ».*vi ii»i fCii-cz :*:cx2jec used for the application of the 



APPENDIX. 
section x3li1. 

Alkapton. 

lVMci^v*r tVii:td a peculiar substance in the urine of a man, 44 
^« .^^^ ^(10 after an attack of typhus suffered from repeated 



MfaFOr cough and expectoration. 'Uns sulislanci.' (to which he 

^HB Oflme of alkaptoii), when an alkali is present, absorbs a 

^HpantitT of oxvgfii and becomes of a browu colour. The 

IBnt Uie time suffered severe pains in the back, passing down 

Ebe lower dorsal vertebne, and thence round the body as a iiuabo- 

domiiut] ucuralgia. The quantity of urine was about 1500 C. C. 

tbe twentj-four hours, its sp. gr. 1*020 to 1-025, and contained 

t ntoic than 1 per ceut. of sugar. On the addition of caustic- 

thv reddish-yellow colour of the urine clianged (from above 

immwBnb ill the test tube) into a dark brown, a large quantity of 

sjrgcD being at the same time absorbed, of wliieh fact Bodeker 

itisfied himself by a si)ecial experiment. The cupper solution was 

IroDgly reduced by tlie urine. 

Preparation. — The urine pa£se<l during ten days — 15,000 C. C. — ■ 

I preu]iitated with sugar-of-lead solution, and the filtrate treated 

riUi baac acetate of lead as long as any precipitate falls. The hltered 

lutuie is no longer rendcn-d brown by caustic potash, but shows a 

igfat reactiou of the copper reduction. Sugar, however, is not 

KMJpitated by acetate of lead ; it therefore remains in solution whilst 

alkapton b thrown down. The lead-precipitate is decom- 

Nwed with sul|iharetted hydrogen, and the filtrate as thus obtained 

eniKWated to dryness in a water bath for the purpose of separating 

le hjdrosulphuric acid, it is then triturated with powdered sulphate 

of baryta, and exhausted with ether. Ou evaporating the ethei a 

brown mass is left, in which, after several days, crystals of 

liqtptinc acid are formed. On solution in a little cold water the 

efjstala of hijipuric acid are left, together with a browu muss. The 

ntef7 filtnle ixissesscs in a high degree the power of redudng 

oiidea of copper and silver with caustic potasli, but it is still very 

datfc. The a(|iieous solution is therefore once more treated with 

•tigar-of-lesid solution, the filtrate precipitated with acetate of lead, 

and the washed precipitate theu decomposed with sulphuretted 

bydrugra. The filtrate, when evaporated, leaves the alkajitou in the 

fgmt of a golden-yellowish, resinous, transjwirent ma-^s, without a 

.trace of crystallisation. licatcd with aoda-linic, much ammonia is 

cndved. The alkupton is soluble in idl iirojKirttons in water and 

alflobol, very slightly soluble in ether free from water, but more wi 

\a ether containing water. 

Tbe golden -yellowish suiutinn has a sUghtly-ocid reaction, and 
the following charaet*'r>t : — 



ALKAF 

. Caustic alkalis, potash, soUa, and ammonia oocamon. 
ndtlier chiuige of colour nor jirccipitate when the air is en* 
but vhen oxvgen is allowed to act on it and the solution is 
treted, the brownish- Tell ow is invariably converted into a brownidl- 
Uack colour. 

2. Sugar-of-lead solution has no effect on it; acetate of Ifnd 

r produces a weU-raarked white precipitate, which on exposure to tW 

air gradually assumes somewhat of a brownish- violet colour. ' 

8. Boiled with Fehling's copper solution, change* occur in it which 

vary according to the relative suiount of copper solution and tba 

substance reduced. If only so much of the copper solutiou be used 

I as to give the fluid when boded a blue or merely a grevish-bliw 

k colour, the whole of the reduced suboxide of cjspper may remain in 

loliition and render the mixtiire of a yellowish colour. But if the 

solution is boiled with an excess of copper solution, suboxide el 

copper will be at once separated, at first of a yellow and then of i 

beautiful red. 

4. Mixed with yeast, the alkapton solution shows no sign of 
fermentation. 

b. A drop of nitrste-of-bismuth solntioii is treated with an exooa 

Lof soda and the mixture poured into two test-glasses, to theou 

"'tapton alone is added, and to the other olkapton mixed with s 

I of diabetic sugar. When the first test is boiled the flnJd 

rely becomes of a brownish colour; the oxide of bismuth ccr- 

r taiuly throws down somewhat of a brown mass, which is formed br 

e oxidating action of the air, but this is not to be compared with 

gjperfect reduction of the bismuth in the second tube, to which 

r has been added. ITie alkapton bIso behaves like uric add 

1 to the copper solution and oxide of bismuth when an 

RttlceEs of soda is ])resent, in bo far as that the uric acid is able lo 

[leduoe the oxide of copper to a state of suboxide, but not the oxide 

bismuth. By this character of alkapton, in addition lo its 

[■liehaviour under the action of oxygen in an alkaline solution, we 

I are able to distinguish it from sugar, and to ascertain the presence 

kef sugar as well as of alkapton. (Annal, d. Chem. u. Pharm,, vol. 

^n, page 98. Zeitschrift f. Ration. Med. von Pfeuffer u. Henle, 

ISwies, vol. 7, p. 130.) 



J 



xxni. 
Inositk. 

Ill 100 p,irls : Carbon .... 40-00 
Hydrogen , . . 6'66 
1»:C„II„0„ Osjgen . . . 53-34 

tlised ! C„ H„ 0„ + 4 H O. 10000 

TeemrrvMce. — Uutil lately itiosite has been Tound only in tbe 
Bf moscle, Cloetta has, however, recently discovered this 
able bvdiate of carbon in the lungs (together with uric acid, 
I, and leucine), in lai^e quantities in the kidneys also (with 
t and liypoxauthiue] ; in the spleen (with uric acid, hypoxnn- 
and leucine) ; and in the liver (with uric acid). Cloetta also 
sly aliowetl the j'resence of inosite in the urine in a case of 
1^8 disease; he could not, however, find it in healthy urine, 
laim foniid inosJte most abundantly in the brain; he also 
ith it in tbe kidneys, and iu diabetic urine which contained a 
{oantity of sugar. Vohl met with a case of diabetic urine in 
I the sugar wa-s gradually replaced by inosite. According to 
jnoaite is identical with phaaeoinannite discovered by him iu 
I beans {phateolua). 
Mienucopieul ti'iractera. — Inosite usually fiiruiscuuIillower-Ukfl | 
it, masM-d together, in groups ; sometimes, however, single 
!■ ftis found three to four lines in length. Tlieso crystals belong 
IcUiuirombic system. (Pnnke, PiaU I'l. Mif. 6.) 
n iCT i oa^ eiararter/i. — Inosite loses its watflr of crystallisation in 
^aadiDcltB at 210* C. (410" Fahr.). It bas a distinctly sweet 
dissolves readily in water, and is insoluble in ether and alcohol. 
Paseci inosite hardens into needles when quickly cooled, but 
iloiTly cooled, into a bomy mass, 

[□osite does not produce alcohol when yeast is added to it. 
[nitiid cheese it yields lactic and butyric acids. 
HHien a solution of inosite ia evaporated with nitric acid 
to dryness on {ilalina, and the residue, moistened with a 
noiDnia and a solution of uhloriile of calcium, again cautiooaty 
nted to dryness, a lively rose-red colour appears, wbicfa is 
though only ' of a grain of inosite be present. The 
Igan do not give this reaction. 

fihta iiinMtti is boiled with a solution of acetate of copper in 
b2 



caiutic- potash, reduction of the copper does not take plsce, its in 
case of grspe-fugar; but n green solution results, from vhich, 
a time, a Hocculent, greenish precipitate is separated, the uppa 
of the fluid becoming blue. If the precipitate is separated bj 
tion, and the filtrate again boiled, the same play of colour will 
again observed. (Cloelta.) 

5. Neutral acetate of lead does not throw down a precipitate 
solution of inosite; but basic acetate of lead produces in it, whcaJ 
warmed, a transparent jcllj, which becomes white in the conrae 4 
a few niiimtes, and assumes the exact appearance of paste. ThitJ 
an excellent method whereby to separate inosite from animal Qi 

D. Teih. — Inoaite, as already observed, has been found ii 
urine of Bright's disease and in diabetic urine. The urine ■ 
tested for inosite is completely precipitated with sugar of 
filtered, and the warm filtrate treated with basic acetate of 
as long as any precipitate is formed. It is better that the 
should be concentrated to one-fourth before it is precipitated. 
lead-precipitate collected afti;r twelve hours' standing is waalw^ 
suspended in water, and then decomposed by sulphuretted hyilK^Oi 
After the filtrate has been left at rest a short time, a small qnantjlj 
of uric acid separates from it; this is removed by filtration, 
the fluid so concentrated as to remain permanently turbid i 
tmted with an equal volume of alcohol. It is then heated \ 
the turbidity disappears, and allowed to stand one or two dijli 
The orystalhne mass thus obtained is purified by re-crystallisstiou 
and then subjected to the tests of nitric acid, ammonia, and chlondlq 
of calcium, as well as of tartrate of copper. When the materials Ut^ 
operating on are abundant, the other tests may be employed Ml 
confirmatory. 



SECTION XXIV. 



Bilk. 



The bile-pigments and the acids of the bile are fouud in the urine 

ithological states of the body, as, for example, lu j.iundice. la 

Tonia again, the bile-acids have been occasionally met with in 

Oe unaccompanied with the bile-piguienls. C'holestcrinca; 

t be occasionally present in the uriue in cases of 1 

KioQ of the kidneys. 



tcnnc aps 
of fa^ 



I uk! espcciallj in severe cases of jaundice, it is found in almoi 
B Amis of the body, and even in the tissues tliemselvea. 
ry bttle is yet known of the chemical nature of the bile-pig-B 
, Blthoagh from certain reactions it is clear that it niidergoesl 
eat modificaiions, which are probably the products of theV 
(onnations or osidatiou of some one primitive substance. 

CAoUpjrrriine. — Brown-pigment. — This is the bile-pigment I 
frequently met witli, and appears, indeed, to be the priraaiy 1 
, Chokpyrrhiiie consists of a reddish -brown powder, without 
or smrll, dissolves with difficulty in water and ether, but more 
\j 90 ia alcohol. The alcoholic solution, which is originally 
, becomes gradually green when exposed to the air. Cliole- 
ic, moveover, is soluble in alkaUes. The feebly alkaline 
MM aolaliun becomes of a beautiful green on the additiou of 
tbluric acid; the colour becomes of a bright blue on the 
III, futtatim, of nitric acid. The colouring- matter of fresh 
hrays assames the green form of pigment when exposed to the 
of the oxygen of the air, as well as when treated with acids. 
of cholepyrrhine, when treated with nitric acid contain- 
Bcid, K particularly interesting. 
red funiiug nitric acid is dropped into a solution of brown 
without disturbing the mixture, a zone of colours is formed 
I lower part of the fluid, which passes through the shades of 

Wof, nni! violet, into red, and fiuallv becomes of a dirt;-|| 
r. In this process the colouring-matter is entirely altered. 
plepjrriiine appears to be chemically identical with the bilifql 



so BILIVICKDIKF.. 

UoQs of blood, a lact of higli pbjaiologiciil sigiiifitMuwr, 'ITie 
cLlorofonn solution, tested with nitric acid, exhibits in a beautiful inoii- 
nc* the play of colours mentioned above as (^lamcteristic of bile-eub- 
stances. Hc-nt*, then, we possess in chloroform i>n excellent tad ootabi 
mesas of discoveriug the presence of bile-pigment in other Umie, &C. 

6. BilirerdiM (green- pigment] is the fonn of pigmoit into 
which cholepyrrhine often passes, and into wliich, indeed, i(. may be 
coQvetted. It is a dark-green amorphous substance, vitbout audi 
or taste : it is slightly soluble in alcohol, but insoluble in water ; in 
ether it dissolves with a red colour. Hydrochloric aud salpfauiic 
acids iu dissoli~ing it become of a green culonr. 

When a solution of biliverdine is precipitated with acetate of \ttA, 
and the precipitate, after washing und drying, is extracted with 
■Joohol containing sulphuric acid, the alcoholic mixture is fbond 
when filtered tinged of a green colour. 

A precipitate of a bluish-green appears, when soluble albumen is 
added to a duid containing biliverdine, aud nitric add employed in 
sufficient quantity to produce its coagulation. 

The presence of cholepynine in urina may be shown even after 
several days, by the action of nitric acid, provided the air be per- 
fectly e\cluded. If, howev«, the urine is heated in an oi>en baaH, 
Ihc brown pigment is gradually converted into biliverdine, and itt 
prweuce can no longiT be shown by nitric acid, which, under such 
cinnmstances, fuib to produce the reaction described. 

c. Texts. — Uriije containing bile-pigment is always tinged (rf % 
dwp brown, reddish-yellow, greenish-brown, or dark or graas-grrai 
colour. Much froth is formed in it when sliakeu ; aud it imparts a 
yellow or greenish colour to a slip of filtering paper when dipped into it. 

a. Teat fur ciolepyrriine. — A conical-shaped test-glass is filled 
with urine, aud nitric acid, containing nilrona acid, carefully added 
to it, eiioh drop of the acid being allowed to trickle down from the 
rim of the glass, and great care taken to prevent the fluid being 
shaken. If cholepyrrhine ia present, we find that at the top of the 
glass, and particularly at the point where the two lliuds come into 
contact, a zone of colours is formed, which passes from green into 
blue^ violet, and red, and, lastly, into yellow. If, in cousequenoe 
of there being only uiere traces of the colouring-raatt«r presenti 
this reaction with nitric acid does not take place, it may be pro- 
duced by adding to the mixture eijual parts of nitric and sulphnrit 
acids, instead of nitric acid ; or, according to Briicke, to make th( 
teat slilJ more ccrluiii, hy adding, first of all, .i few drop? of nitric 
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as to give to it a green colour, and then 
20 or SO drops of concentrated sulphuric acid to trickle 
to the urine from lUe side of the test-glass, so as not to 
Uie urine, bnt to sint down to the bottom of Uie glass, 
test, however, succeeds best, even though the quantity of bile- 
nt is very small, when applied as follows : — Concentrated 
acid, slightly decomposed hy exposure to the light, is poured 
inch high into a conical-shaped test-glass, and a little 
; to be tested carefully spread over its surface by means 
;U.', pooniig it on the border of the glass. If cholepyrrhine 
praent the play of colours commences at the liue where the 
S^di tsooie in contact with a beautiful green ring, which gradually 
cartcD*b apwnrds, and at its under surface exhibits a blue, violet-red, 
ind, Ustly, a yellow ring (Kiihne). It should, however, be observed, , 
Utal tliu whole of these colours do not invariably appear j violet and 
gpaea genrrally last the longest ; but the green which appears almost 
•1 Out coiumeneement of the action is alone demonstrative of the 
pRsmce of bile-pigment ; the red and violet rings may be also pro- 
doced by nruianthine (indican), and the products of its decom- 
podbon. (See Vroxanlhiiu;.) The presence of albumen in no way 
inlerfem with this test ; a portion of the pigment is generally preci- 
jdtelcd wttli the albumen, which is coagulated by the nitric ocid^ 
lint it aiso beautifully sliowi the reaction. The nitric acid must not 
ttnttain too mucli nitrous ncid, for if it does the reaction is violent, 
■Dil thr {day of colours rapidly passes away. 

TTw alightcBt traces of bile-pigment may bfi discovered, shoold 
the above teat fail, by sb^ng large quantities of urine suceesstvely 
»Hli chloroform, and pouring off the exhausted urine. Tlie smaUeet 
qantity of cholepyrrhine present in the urine is taken n}i by the 
cUoroionD, which, when left at rest, by reason of its high specific 
pavity, rapidly sinks to the bottom, of a yellowish colour. The 
It urine is drawn otf, and a Uttic nitric acid containing 
add spruid over the chloroform solution. If the slightest 
Inee of chalepyrrhinc be present, the rcitetion will then take place 
(from above downwards), and in a very brilliant form. Another 
portioi) of the cblorofornt-siilutiou is evaporated in the air, and the 
fonilae examined microscopically ; if any brown bilivpigment ia 
IweMnt, single rwldish-yellow crystals of cholepyrrhine are readily 
diattngniahcd. (Valentiner.) The reaction with nitric acid in the 
(Uotofonn solution is excessively delicate and beautifnl. . 
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SECT108 XXV. 



2. Bile-acids. 

Hie starting-point of all the aciJa contairieil in (he Wle » dtolie 
1 acid — a non-nitrogenous compound — (C„II„0, + HO). Cholic 
acid, when pure, usually crystallises in shining, colourless tetn- 
hedrs, and somefimes, though rarely, in rhouibic forms. 

Crystallised chohc acid, a( a temperature ejceeiling 195" C. I 
(383° Faiir.), gives off one equivalent of water, loses its crystalline 
character, and is converted into a resinous body — chotoidic acid 
(C„ H„ 0,) . It undergoes ihe same decomposition when boiled for 
a long time with hydrochloric acid. 

Clioloidic acid, the product of the decomposition of cholic aciJ, 
forms a white amorphous, resinous mass, which is insoluble in water, 
slightly soluble in etiicr, and readily soluble in alcohol. Choloidic 
\ acid melts at ISO'' C. {302'' Palir.) ; at 295° C. (5G3' Fahr.) it ^ves 
off three atoms of water, and is converted into another compound, 
dyslysine (C„H„OJ. 

These two acids are not found in an isolaWtd form in fresh, 

I healthy, undecompoaed bile, the cholic acid being always united 

i with nitrogenous bodies — with taurine and glycocoU. Taurocholic 

' And glycochoMc acids may indeed be regarded as conjugates of cholic 

wnd with taurine and glycocoll. 

1. TaurocMic acid {C„B.„'N 0„a,).—'nas acid, found in tiic 
liile in union with soda, has not yet been obtained in a crystalline 
state. In its partially impure state it forms n white amorfdigiu 
powder, which is strongly hygroscopic, has an intensely bitter taste, 
dissolves readily in alcohol and water, and is insoluble in ether. 
I BoQed for a long time with caustic potash, it is decomposed, the 
F cholic acid uniting with the potash, and the taurine being set free. 
r If hydrochloric acid is used instead of potash, the same separation 
[takes place. The cholic acid, however, is not, in such case, sepa- 
rated as cholic acid, but by Ihe action of the boiling hydrochloric 
[ acid, is converted into the n^siuous choloidic acid. 

Tie taurine {C. 11, S, N Oj which is separated, crystallises in the 

} form of colourless, regular heiagona! prisms, tcrminatijig in four or 

six plnnes. (Puulte, Pla/e III. Fig. \>.) Taurine is a nitrogenous 

body, containing 25 per cent, of sulphur. It dissolves readily in 

water, but.only slightly in alcohol. Its solutions do not iiffect the 
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hntgetalic colours. Strecker succeeded in prodncing taurine artifi- 
uiidlj, by simply Leatine to 220' C. (428° Fabr.), isethioriato of 
Ivnttouft (C.n,S,N0,l2 H0 = taurineC,H,8,N0J. 

Taunae is obtained most conveniently in the following way : — 
Prci.h oi-bile, freed fnim mucus, is evaporated witli strong liydru- 
clilc^ni! acid, nnd the eholoidic acid thus separated. The chloride of 
»r,d]iiiii is crystallised out of the strongly concentrated fluid, and 
niollier liquid still further evaporated ; from this the tuurine is 
ipitated ou the addition of double its volume of strong alcoliol. 
taurine may be obtained pure in the form of large beautiful 
Is on re-crii'stallisat>ou from water. 
2. Qlycockolic acid (C„ H„ N 0„ + H O) also exists in healthy 
in combination with soda. It crystallises in extremely fine 
needles (funke, Platf If. F\>j 6), differing essentially, in this 
respect, from taurocholic acid. It is moderately soluble in water 
4Um] in nlctiboi, but only slightly so in ether. It does not crystallise 
fiom its alroliolic solution, but separates, on evaporation, as a resin- 
ous uiass J when, however, the solution is mixed with water, tt is 
gradoally deposited iu a crystalline form, on evaporation. Boiled 
with caustic potash, baryta water, or hydrochloric add, glycocholic 
acid undergoes decompositions similar to taurocholic acid — cholic 
VSA, or choloidic acid being formed, and glycocoU aeparateil. 

Olycocoll (C. H, N 0,), (gljcocine, sugar of gelatine) may be arti- 
ficially obtained from gelatine by the action of mineral acids and 
I also from bippuric acid, which may be considered as a conjugate 
' of benzonic acid with glycocoU, by boiling tbe bippuric acid with 
' bjdiocblunc ncid. It forms colourless rhombic prisms (Punke, 
. ^lale III. Fv). 5), which are hard and unchangeable m the air, and 
Inve a taste Almost as sweet as that of cane-sugar. It contains 
nitrogen, but no sulphur. 

All biliary aciJs^, the conjugate, as well as chohc and choloidinic 

adds, exhibit peculiar and very characteristic reactions with sulphuric 

I affid and sugar, the reactiuus depending upon the pri^scncc of pig- 

' Miest- matters, as well as upon the taurine and glycocoU. When, 

for example, a few drops of a solution of sugar are mixed with a 

vatcry solution of auy biliary acid, and conceutralcd sulphuric acid 

mIiInI, until ihe mixture is heated to DO^ to 70° C, 02i°tol58° 

\ lUtr.) the mixture Msumes a beautiful, purple-violet colour. 

[ Tlic rollowing is another uTid very sensilivo te«t ; Tlie biliary acid 

Ur its salt is treated with u small qoauLity of concerilrnted sulphuric 
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::d, <ii:rhrlv wiru. .«i. :in.! 'h n water added to it. The resinous 
ikrs TvLii.h '?<-;^arit»: irr rtrrro\-ii troai tlie acid, and sligbtly cashed 
r':. "a r. :. .u" s; :ii n* r to r m:*v ; the whole of the sulphuric acid, 
:.«[ 'L .. - •- ;• l::r'i ::. a \.:i<:\\ U'^t J the colo are appear. The 
:s:ilut: i- *•:-:. -:.!.i\?'..-i \\:\'.: .i \k:t\- l::tIo fiirit* of wine, and the 
r-t::; - >.r:. :: v :•..... rued, ;i:..: k^t rtiirvJ LiuriDj: the process; the 
.riir? j.'i. »:: t1. . \ ?_>.<'.. :l:-n •:• :i. "*»:;iiit;5 covt-rt-d with a deep 
. ::-' -os.'l .iir . . •:•. ::::.«. • v.:i rli.uir'i i rily :i \>.ry small '.iiiantitT of 
!ir .i».ii U :?•:•- i.r. li t nim n :t:rr< le inix*nl with the biliary 
'ii, '-r i; :.:.- .. x: :: • :' :.-: >:ii: '::i;rLv: jllA be too lonir conliiiued, 
r t..-; i-: ..:..-> be «. :...iil-.:..cI dt too i.iirli a tonnx-ratiire, the jiig- 
:"it;;;tarv C'/a'inij will Lo i.t' a i:rer.!: c •'.•■iir. 

TV*'-*. — A .riiuiTiry of ur::^^ oU«^ to oOM L'.C.) is evajwrated 
ittailv t'j (irv!ii:>r' in li wa:cr-batli, an 1 tl.o ^e^iJue extracted with 
■rdiMary ;ilc.»ii/i; the spirituous SM-utioii is then evajx>ratetl, and 
tilt- rtsidiit- extracted witii absolute ai<\.di..d. Tlie sedation thus 
r.btriiiie.l, f:orir.;iiiir.Lr only a small iiu;mtit\ of salts, is fret-d Irom 
spirits of win.f, rlu residue dissulveil in a little uator, thr solution 
tnated with aietale of lead, the prooipitate collected after twelve 
hours ^tandini:, and washed and dritd between folds of bibulous 
paper. To separate, as far as possible, tin* other substances which 
are thrown down with tlie U.ad-prteipit;ite, the bile salt of lead is 
extracted with I oilii;" spirits c>f wine. carl).«nate of soiia added ar.d 
the solution evaporated to drvness : the residue is then treated with 
absolute alctdii'l in onler to procure the bile-sait of soda. 

The salt of soda, thus obtained, alwavs contains a small quanthv 

of a resinous constituent of the urine mixed with the bile-acids; 

this resinous body becianes of a bn.wiiish-red under the action of 

sulphuric acid, at times also of a lightish blue or violet, and when 

heated with adiition of a little suuMr. of a reddish or Aellowish- 

l>rown. This cidoiaiioii is rarely powerful enouirh to conreal tin? 

biliarv reaf'tion; but if it sliould be found on trial tu do so, the 

bile-acid must be once nu.^re precipilatid from the waterv' solution 

witli aeetate r>f lead, the preripiiatc collected after standing awhile 

and then decoinpcj>ed, as ab«ne described, with carbonate of soda. 

Two or three ihops (jf sucrnr-.^iolution (1 part snirar to -1 parts water) 

are added to the walerv solution of the soda-compound, which is 

Cfirieent rated as much as possible, and then jmrc eoncentrated sid- 

phuric acid, free from sulphunms aeid. Care must be taken that 

tlie temperature does nol exceed 70 C. {ioh" Fahr.) If any bile- 
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add br now preacat, the fluid will first of all become muddy, tlien 
elear, attfl at the saoie time yellow, soon afterwards of a pale cbttij, 
duk cannincred, and lastly of a bcaatifol parple-violet colour. 

TIk rracfiou becomps much more sensitive, when the soda-solution 
b vnponted to a few drops in a porcelain cup, a few drops of pure 
iAQote pilphuric acid (4 parts H + 1 part S 0, H 0), and a trace 
of flOgar-solution added to it, and the mixture then carefully cvapo- 
nied at a very gentle heat over a small lamp. The reaction was 
beM^ifiilly marked when only ini of a milligramme of bile-acid was 
present. (Neukomm). This modified process is far superior to 
ike original one of Pctlenkofer. We cauuot be certain that bile- 
acid is preseut unless the fluid assumes a distinct puTpl«-violtt, as 
well as a red colour. 

CWetterine hsa bsen occaaioniLlly fuimd in the luice, mingled witli uthor 
fata in oasva of fattf degeneration uf tlie kidoevs. The sedimuat, uhich 
•anatated ehiefly of fat cvlU, after bciag cuUeoted and dried in a wat«r-l>Bth, 
WM digested with a miiture of alcohol and ether. The citrnct, when 
filtnvd and oonoentratcd, depositsd a. considerable quantity uf eryttals of 
abolaatenae, which, 'by their microBOOpio oharnolen, cannot be rendily 
■istaken for aoj oilier substanoe. (Funke, Plate VI. Fig. 1.) 



^ section xxvi. 

Lactic Acid. 

Conipositiou 1 — 

In 100 parts; Curhou . . . MYfiW 

llydrogeD , . . 5*555 

Oivgen . . . 44-445 

Water .... lO'OOO 



100-000 
Atomic weight of auhydroi 



I acid 



Formula: C, 11. 0, + U 0. 
= 81. 

I A. Oarmrrenct. — Lactic acid is found in most of the auimal fluids, 

I uul particularly (under normai conditions) in the juice of muscles, 

r sud in tlic juices of the stomach and intestines. It is also some- 

tiwfii found in the blood, iu the saliva, iu sour milk, or milk which 

has bwn altered by disease, in the fluids of flesh, &c. It does not 

Witft niirniully iu the urine, but alwnya appears in it when large 
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MUg&ctoiil}' demonstrated, unless it be obtaiiied nearly' pure; nnd 
>mnu then it exhibits, as lactic acid, no distinguishing characteristic. 
Cbaaequently, wc most learn its nature by elementary analysis, by 
^^pgrt lining its atomic neight, and by tbe study of its salts. As, 
in testing for lactic acid we very rarely obtain materials 
lent for tbe first two kinds of experiments, we make use of the 
nne-nlt, which crystnUises readily, and in a very characteristic form. 
The following is the method employed for this purpose : — Presh 
mine is evaporated nearly to dryness in a water-bath, and the residue 
tlien treated with an alcoholic solution of oxalic acid. The oxalate 
irhic)i is thus formed, as well as the oxaliite of urea, remain nndis- 
mlTcd, the lactic acid, together with phosphoric and hydrochloric 
ittidt, reuiiiuing in solution. The fluid is then digested with 
bjdratrd oxide of lead, evaporated to driiiess, and the residue ex- 
ttBCted with absolute alcohol, which dissolves the lactate of lead. 
The filtnite is treated with snlphnrettcd hydrogen, and after filtra- 
tion evaporated in a water-bath to a syrup ; the synip is then shaken 
■p with ether, which, on evaporation, leaves the lactic acid more or 
losa pure. This is then dissolved in a little water, boiled with oxide 
of sine, filtered, and allowed to crystallise slowly on the object- 
glass. Tile presence of the lactic acid is readily recognised by the 
burel- and club-shaped form of tbe crystals, and especially by their 
pecnlixr mode of enlargement. 

ficherer uj^s the following process, which is in every respect an 
«xcdleut one, in testing for lactic acid : — ^Tlic extract containing the 
lutic acid is dissolved in water, the solution precipitated with baryta 
Wid Altered. Any volatile acids which may be present in (he filtrate 
■K separated by distillation with a little sulphoric acid ; and the 
rcsidne is then left to digest sevenil d.nys in strong alcohol. The 
sad fluid is evaporated to dryness with a little milk of lime, the 
nridue dissolved in boihng water, and filtered while warm, to 
wpatater any superfluous lime and sulphate of lime. A stream of 
eatbonic acid is then passed through the filtrate, which ia once again 
liested to boiling ; the precipitated carbonate of lime is separated by 
titration, the fluid evaporated to dryness, and the residue treated 
wttli strong alcohol, filtered if necessary, and the neutral filtrate left 
tat WTDtal d^iys to deposit the lactate of lime. If the lactic acid is 
pRHntt ID loo small quantity to produce crystals, the solution must 
bs evapointcil lo n syrii|i, mixed with strong alcohol, and allowed to 
stMid ; a darkish deposit, consisting of extractive matter and lime, is 
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thi-11 usu;illy ftirnifil. Tin? flui«l part is now poured off into a closed 
v^scl, nnd :i siiiiill quantity of ether gradually added to it. Even 
luvrv traces of lartato of lime, whose preH'nce may be easily recog- 
nised un(KT the inicroseope, will herebv be separated from the 
rtiiid. 

If there is ph-nty of material to operate upon, the following 
nicthoil^ ])ro|)ose(l by Lehinann, for the preparation of several saUs, 
may be adopted (Lehinann, P/^f/Jtioh^. Ckc/HiK', Vol. 1, p. 99). 
The laetie acid, ])re])ared as above described, is saturated with a solu- 
tion of barvla, the excess of barvta removed bv a stream of carbonic 
acid ^ns, the solution liltered, the filtrate evaporated to the consis- 
tence of syrup, treated with alcohol, again evaporated and allowtVi 
to stand. The syruj) is then poured olF, and separatt^d from the foreijru 
crystals wliich are formed, dissolved in water, and decomposed with 
a solution of gypsum. In this way hctate of lime and sulphate 
of baryta an^ formed. The sulphate of baryta is separated by 
filtration, and the iiltrate then allowed to crystallise, when the 
double. I)rush-like forms of lactate of lime are easily recognised, 
together with crystals of gypsum. 

The whole of the lactate of lime is now dissolved in strong alcohol 
and dccom])oscd, witlumt prt^vious filtration, with sulphate of copper. 
Any excess of the co])])cr-salt, as well as of the gypsum which is 
furm(Ml and which is also insoluble in alcohol, is separated by 
liltration; and a littli^ of the solution of lactate of copper, then 
allowed to crystallise under the microscoi)e. The remaining tluid is 
highly concentrated by boiling, and a stick of zinc introduced into 
it ; if lactic aciil be i)resent, the zinc in a short time is covered with 
white crystals of lactate of zinc, which arc also to be subjected to 
niicroscoi)ic (*xainination. Lastly, the solution of the salt of zinc 
njay be ])rccipitatcd by protochloride of tin. The salt of tin thus 
obtained is found to consist of grandular masses of crystals, forming 
groups of thick rhombic tablets lying one over the other. 

As already said, w(^ rarely have sufficient materials to enable us to 
follow out the whole of this complicated process ; consequently, we 
must be satislied with the pre[)aration of the lactate of lime after the 
mniiner first described. It is useful, however, to practise these 
processes, in order to learn the dilferent crystalline forms of the salts 
of lactic acid. It should alwavs be remembered that artifSciallv- 
formed lactic acid yields crystals diirerent from those which are 
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fromauimal liuids; consequently, only the litter kind slioulil 
lie opentetl u|)ou. 



SECTION xxvn. 



Acetic Acii>. 



40-00 
C-67 
53-33 



\ 



Cooipusitioii : — 

In 100 parts: Carbon 

Hydrogen . 
Oxygen 

lOO'OO 

Foraula:C.H, 0. + H0. 

4. OccMrrence. — Acttic acid appears in stale urine, in which the 
hrmnitBtioD process has already cominenced. It also forms, in 
lA^e ciuantity, during the fermentation of diabetic urine. More- 
over, it hns been found in the fluids of muscle and of the spleen, 
io loucocythemic blood, iu the gaatric juices in cases of severe 
dj^xpsia, and in the sweat. It is a product of the decomposition 
of many animal subst.inces, and may be formed, for instance, from 
Uk actioD of powerful oxidising agents upon ])roteine bodies, gela- 
tbct &c. 

B. demical Character$. — Acetic acid, in its coucentrated form, 
is a colourless liquid, having a durable sour odour, and a sharp 
pungent tast«. It boils at 120" C. (24,8^ Fahr.), crystalhses atC.5^ 
(41" Pahr.), and above 16" C. (60° Fahr.) becomes fluid. 

1. i'erchloride of iron, added to a solution of a salt of acetic acid, 
produces the de«p-red colour of per-acetate of iron, 

8. Nitrate of silver in a neutral solution of a salt of acetic acid 
throws dowu a white crystalline precipitate of acetate of silver, 
which dissolves in boiling water without reduction, and crystaUises 
out of it as the liquid coob. This salt contains 69'4 )jer cent, of 
otide of silver. 

3. The characteristic odour of acetic ether presents itself when a 

aall of acolic acid is treated with alcohol and sulphuric acid. Treated 

vitb sulphuric acid alone, the salt gives off the pungent odour of 

acid. 

Tm/j.- -Two to three lilies of urine are neutralised with a 
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solution of soda, provided the mine is not already alkaline^ and 
Tiie inixturt- tvaporated on the open fire to a fourth or a aixth of its 
\c»luino. Tart.iric or phosphoric acid is then added to the residue^ 
which is 5ul)jvi-U'd to distillation^ and the distillation continued, until 
tlie distillate has uo lonsrer an acid reaction. The distillate is then 
siturateil with carbonate of soda, evaporated to dryness, and again 
distilled with sulphuric acid. The acid fluid thus obtained is nen- 
tnilised with carbonate of soda, and, as it cnstallises, acetate of soda 
is separated in the form of white prisms and needles. Butyric \ 
acid may be found in the mother liquor. 

The analysis of the salts of silver and baryta give decisive 
results. 

Crvstalli<ed acetate of soda contains 22*9 per cent, of soda, the 
baryta-salt GO yter cent, of barjla, the silver-salt 69*4 per cent, of 
oxide of silver, and 64*67 i>er cent, of silver. 
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Bunuic Acid. 

Composition : — 

fn 100 parts: Carbon . . 5i'54:5 

Hydrofoil . . 7*955 

Oxygen . . . 27*273 

Water . . . 10-227 

100*000 

Fonniila: C, 11,0. -h HO. Atomic weiffht of the anhydrous 
acid 79. Its saturating capacity 10*126. 

A, Orcvrrenrc. — Butyric acid exists reailv formed in butter in 
combination witli oxide of glycerine ; it is set free in rancid butter, 
and is in fact llu; source of its disagreeable odour. It is also found 
in several of the animal fluids and sicretions, in the sweat for 
4'xaMii)le, in the secretions of tlie external genital organs, in the 
juice of muscle, and occasionally also in the gastric juice. Accord- 
ing to Ber/clius, free butyric acid is constantly j)rosent in the urine; 
hut. the fact has not yet been satisfjietorily proved. It is, however, 
>onietinies, though rarely, found both in healthy and in unhealthv 
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V from whicb we ma; conclude timt its presence Uiere is not . 

loanectcd with any spcciitl furiu of disease. LeLmaun occasiouali^ 

BDd butyric acid in the uriuc of pregitant wouen, but lie ulso 

Icn met with it iii the urine of men, and of women not pregnant. 

A Goiuiderahle qnanlity of butyric acid is formed, wLi'ii diabetic 

am is treated with powdered cbalk, and the mixture allowed to 

naent u a temperature of 35° to 40' C. (85" to 101" Tohr.} 

tbenr, Briefiek. Mitlk.) ; but at a lower temperature, and without 

B addition of ciialk, acetic acid only is not unfrequently formed. 

B. CSrmirt// CAtiracl^rt, — Anhydrous butyric acid is a colourless 

>d very mubde fluid ; it refracts light strongly, and has a powerful 

odour. Aa a hydrat* it forms an oily and exceedingly repulsive 

bqtud, luiving an odour of rancid butter, and a. pungent acid taste. 

It » soluble, io all proportions, in water, alcohol, and ether. Most 

at its Balls are also soluble in alcohol and water, aud ^ve off the 

Rpolsivc odour of butyric acid on the addition of mineral acids. 

1. Butyric acid unites with alkalies, alkaline earths, and the 

itallic utidea proper. The compounds wtkich it forms with the 

alkalies arc deliquescent and uncrystaUisahle. Its other salts, on 

tbc other hand, crystallise readily. 

a. Jtutj/raie o/" baryta is prepared by saturating butyric acid with 
bai^lA-wutcr. VVhcn the crystallisation of this solution is rapidly 
effected, the compound separates in the form of glistening fatty 

!9 OH the surface of the fluid. These scales, examined under the 
nucRMCope, appear as dense gronps of ill-dedned crystalline scales ; 
bot when the solution of bulyrute of baryta is allowo:! to evaporate 
Spontaneously, long, flattened, and perfectly transparent prisms, 
iDOetly gruujied together in stellate glands, are formed. The salt 
ntdily diMolves in water, and its solution reddens litmus paper. 
{Fanlu, J'/aU I. Fiff. a.) Butyrate of baryta contains i9-23 per 
cent, of baryta. 

b. Bulgrale of limt readily dissolves in cold water, but nearly 
the whole of it separates again when the solution is boiled. It 
eiystallisrs in Gne needles, has an odour of butyric acid, and yields, 

dry distillation, butyrune aud butyral. 

e. ButyraU» of the metallic oxides arc formed by the precipitation 
rf a concentrated solution of an alkaline butyrate, by means of a 
nhtion of the corresponding luetallie salt. Nitrate of silver, in 
lUi way, yield* a yellowish-wiiile crystalline precipitate of butyratfl 
cf BlTcr, which is wholly insoluble in cold water, and coutaius 
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r 

IPIV'UUinoIs when oyenrotked or underfed. It is constantly 
rin ■pntrefjing urine, botfi of man and herbivorous animals, 

formed through the decomposition of the hippumles. Benzoic 
is the non- nitrogenous conjugate of liippuric ucid, for, as we 

■Ireadf seen, benzoic acid within the bodj takes up the 
mis «f glycocine, and then appears in the urine in the form of 
sic add. And, on tlie other hand, hipporic acid, when placed 
nUact with decomposing matters, is immediateljr decomposed 
benzoic add and glycocine. Benzoic acid, again, appears as 
ndoct of the decomposition of various animal substances, aad 
ailarlj of proteine-bodies, of gelatine, &c. 
MierotcopU! characlen. — Benzoic acid, when sublimed, appears 
e form of fine, colourlesB, ghstcning needles and scales, and, 

prepared in the moist Wiiy, in the form of scales, small columns, 
(-aided needles, whose primary form is a right rhombic prism, 
ab obtained through the cooling of its aqueous solutions always 
ir under the microscope as tables of exactly 90" C. (194° 
,}, arranged in rows, or overlapping each other; sometimes, but 
i&exx, one of the angles is truncated, but always so as to give 
(h the angles 135« C. {275= Fahr.). (Funke, PUte I. Fig. 6.) 

Gtemical charaHem. — Benzoic acid sublimes at 210° C. 
* Fahr.), without decomposition; its vapour causes an irrita- 
if the throat, and excites coughing. It is but Utile soluble in 

but much more soluble in hot water ; alcohol and ether dis- 

it pretty readily. It^ solutions redden litmus. 

Uwt of the sails of benzoic acid are soluble in water, those 
which it forms with the heavy metallic oxides are difBcult of 
ion. The alkaline benzoatcs arc soluble in alcohol. 

Strong acids decompose the solutions of the benzoates, the 
oic acid being separated in the form of wliite shining scales. 

Peirchloride of iron throws down from solutions of alkaline ben- 
8 a hrownish-yellow precipitate of benzoate of iron, which ia 
nposed by tlie action of ammonia into oxide uf iron and ben- 
I of ammonia. Treated with a little hydrochloric neid, the benzoate 
ID dissolves with separation of the benzoic acid. 

Tettt, — Alkaline urine is evaporated to the consistence of an 
CC, which is then treated with alcohol. From this alcoholic 
(i benzoic acid is separated in a distinctly crystalline form on 
ddttion of a stronger acid. If the quantity is too small to yield 
p this way, the mass must be extrai-ted with ether, and the 
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Bolaticia aliowod to tvaponte apontaneonsl;. From this etheral 
estracl ibe benzoic add is sepsnted in a cf^stoUiue fonn on tbe 
addition of water. The cmUla maj then be examined microscc^ 
aiiy and chemicallv. 

If, again, patrefjiog urine be treated according to tbe pi>cen 
given for the testing of acetic acid (see Sect, xxrii), we abail find, at 
the end of the second distillation, and especially when this has been 
pushed a little iar, that white scales and plates appear; these remun 
for the most part iu the condenser, and are readily n^cognised ai 
benzoic acid. To distinguish benzoic from hiiipuric acid, see SectJon 
m. K. 1, 2, and 3. 



Pat. 



A. OccvtreHce. — Fat is not often met with in the orine. "Die 
peculiar mllky-lookiDg urine (nrrnu chylota) occosionallj met with 
does cot owe its turbidity und colour to fatty particles suspended ia 
it, but, as Lcbmann states, to the presence of pus-corpuscles. Dr. 
Beale, however, speaks of a milky urine, containing much fiit, which 
was during some months passed in the morning by a woman of fifty 
years of age. On tbe addition of ether the urine became perfectly 
dear. Quantitative analysis gave 139 grammes of fat in 1000 
parts. Dr. Beale considers that the chylous character of the urine 
results from a separation of the chyle through tbe kidneys. He 
also found cholesterine in the fat-cells passed with the urine in 
fatty degenerntion of the kidneys j this cholesterine dissolved in 
other futs could only be obtained by extraction with alcohol and 
subiicriuent crystallisation. 

Fatly globules are, however, oft«n found in the urine of perscffls 
suffering from diseases which are attended with a rapid wasting of 
the body. 

B. MicTotcopie characteri. — Fat in its free state is readily recognised 
under tbe microscope. Fat-globules present the form of flattened 
discs ; they possess au extraordinary power of refracting light, 
whcrehy lliey obtain a dark and somewhat irregular contour. 
Single globules are often seen under the microscope to ruu one into 

^the other, and by this they may be distinguished from fet vesicle^ 
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an compietely sphericiil. Fat-ceils have a smooth and 
ftdiab form, but when exposed to pressure occasioTialiy assume a 
fliednl shape. Their surfaces also possess a strong refractive 
r; with transmitted light their coatour is sharp and dark, but 
reflected light their borders have a sliiniug ailverj' appearance, 
I their centri; appears whitish. These cells are easily burst by 
lore, their contents escaping, and their surface assuming a more 
ss wrinkled appearance. (Funke, P/n/e VII. Fiff». 3 & i.) 
3. Tetti. — As fat ta very rarely met with iu the urine, and only 
exceedingly small quantity, it is not possible to determine its 
ticDlar kind by tests. We must therefore be satislied with 
ognising the presence of the fat as such. The microscopic 
iracters of fat arc so peculiar and distinctive that any one who has 
r Been a fat-globule will not fail to recognise it again. Conse- 
RitJy, we always, in the first instance, test its presence with the 
rroacope. If we fail to discover it by that means, we then evapo- 
a portion of the urine to dryness in a water-bath, espose the 
idue for some time to a temperature of 110° C. (230" Fnhr.), 
tiien pour over it small quantities of ether so long as the ether 
lissolve any of it. This ethereal solution will take up 
the f«t, and when eviiporated — an operation which is best jier- 
med in a test-glass — leaves the fat as a residue. Tliis residue 
J then be examined under the microscojie, and if there be enough 
iti by chemical agents. The production by it of grease-spots on 
! paper, as well as its properties when heated (the development of 
ilein), prevent fat being mistaken for any other body. 



SECTION JCXXI. 
SOLPHUaETTED HyDROGEN. 

Sulphuretted hydrogen is sometimes, though very rarely, found in 
vaiae. Its presence is readily ascertained by its property of 
dccniiig paper moistaied vrith a solution of sugar of lead. Tlie 
Krimenl is thus best performed : — a soinll glass is filled half-full 
the urine lo be tested for the sulphuretted hydrogen, and 
rend irith a watch-glass, to the bottom of which a little bit of 
id-paper has been attached by means of a drop of water. 
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'*&» papa beoama faraws or VtaA ^aii atam mfiljr if At 
W gentij heated), ae uuiJiHg 10 tke wmtmat td mJifkmMt ' 
which is present. Sulfliitnltad Indnpa, ■mriwir, hi 
nail; recogoiacd thro^^ ilt odMr of raOoi ^S^ I 
opportunit; of eiamiaing br « Inglfc of tne aim rii 
flolphurcttcd hytlrt^eu; it waa pcnodicdij amiiiul by ■ MM' 
lower cxtir^mities were puahraecl thrao^ V^ llw 
Ctiiitaiiuid suliihoieUed hjdrogen was dg^ih- acid, cf 
yellow colour, usoollj threw dowa a inthfi*, am 
bUckcntfl B piuce of lead-test paper whoi hdd over >L 
U has been alteadT stated, imdcr the Imd of 
(Sect. xiii. B. 3), that sulphates, when expu a tJ to « 
high teinjteratare hi contact with arffaie aobataao^ 
tve to the fonnatiou of EuIpbtireMcd h ydr ogcj; aad i 
wciiuiy perhaps account for its fonnalioa in thru 
h)'ilrt>geii may iilso be formed in tbe arine tmta the decomfnatitn 
of DTiiinal aubstuuccs contained in it, and qoite independentlT of Uh 
sulphates. Urine, for example, which contains albotoen, wiU ofia 
in a abort sgiace of time show, by its oiloor, the pnaeiice of solplut 
retted hydrogen ; this fact I have freqnently notked. 

There are some other substances, such as allant^HDe, leucine, ai 
tjTOBUic, yet to be considered. They arc very rarely found in humai 
arint!, but occaaionally appear in it undet pathological conditiom. 
Oxalic acid, which is frequently present in the urine, and cystine, 
uc chiefly found in the sediment of urine ; I shall, therefore, speak 
of them under that bead. 
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Allantoime. 




ition : — 

In 100 parts: Curbon 


. 30-88 


Hydrogen , 


. 3-16 


Nitrogen . 


. 35-44 


Oxygen . 


. 25-32 


■Water . . 


. 5-70 



1 



rormula: C. H N.O.+ IIO. 
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A. Occurrenee. — Ailantoim; is found in the allantoic fluid of the 
Vf mA in tbe Driiie of calves as lung ns tbej' suck or are fed on 
Ik. Sttidelcr foand it in the urine of a dog whose respiration 
• impeded ; Kiilder found it in the urine of rabbits aft*r (he in- 

of oil into the lungs (compare Uric AciJ, vi. a.) ; and Schottin 

with it iu the mine of man, after the ingestion of a large quan- 

oT tannic acid. Allantoine may also be obtjiined by treating 

I Bcdd with peroxide of lead (Sect. vi. d. 3.), ferricyanide of 

and permanganate of potash. (Sect. vi. d. 4.) 

B. Preparafttm. — Uric acid is stirred with water into a tliinnish, 
Bte, and heated to boiling; peroxide of lead is then added in 
ull qaantitics, as long as it (the peroxide) continues to lose its 
mm colour. Allantoine separates from the filtrate, as it cools, in 
udifDl oyscals, and urea is left iu solution iu the mother-li(|uid. 
C UKroteopieal CAaractert. — Allantoine appears under the mi- 
MDope in the form of colourless prismatic crystals, clear as 
Iba and lustrous as glass; tbeir ])rin)itivo form is the rhom- 
ihedric. Tlie crystals, when separated from concentrated solutions, 
na stellate glandular masses. (Fanke, Plate V. Fig. 4.) 

D. CAsmical CAaracten. — Allantoine is tasteless ; it has no action 
iv^etable colours, is soluble in 160 parts of cold, and in a less 
imtHy of boibng water. It is also dissolved by boiling alcohol, 
tt ill great part separates again as the alcohol cools. It is inso- 
ble in ether. 

1. Concentrated alkalies convert allantoine, by absorption of water, 
to oxalic acid and ammonia. 

2. By the action of boibng nitric acid it is decomposed into urea 
td alUutoic acid (C. H. N, OJ . 

S. Nitrate of sdver and ammonia added to a saturated solution 
' allantoine, throw down a while flocculent precipitate of allantoine- 
ide of siver, which is found under the microscojie to consist of 
>aa and pcrft^tly spherical particles, 

4. Corrosive sublimate causes uo precipitate, iu a solution of 
buitoiiie ; but, as in tho case of urea, a precipitate is tkronn down 

it by a solution of nitrate of mercury. 

5. Miscd with yeast aud exposed to a tcniperaturc of 30' C. (86° 
ahr.), allantoine is decomposed into urea, and oxalate and curbu'iate 

unmouia. At the same time there is generated a syrupy acid, 
tobably identical with another acid, also syrupy, whicb I met with, 
igelher with allantoine and urea, in treating uric acid with ijcrnmn- 
uiatc uf potash. 
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B. TetU. — To ascerUuti the pmence of allatitoine in llie nriiu*, 
the iirine is precipitated with acetate of lead, filtered, and any eic«* 
of lead removed by sulpharetted hydrogen. The filtered solution it 
evaporated to drjness in a water-batb, and the residac exhausted 
with boiling dilute spirits of wine. When the filtrate, which i^ 
of course, concentrated by evaporation, coob, crystals are separated, 
if any allantoine is present; these, when reety stall ised out of boiling 
water, serve for testing. In addition to the microscopic forms of 
pare allantoine, we have also the peculiar globular forms characteristic 
of aUantoine-oxidp of silver, (d. 3.) 

Acconbng to Lehmann, we may also separate the aUantoine ty ] 
precipitation with nitrate of mercury. The urine is thoron^y i 
precipitated with a mixture of nitrate of baryta and caustic baijta; 
tlie filtrate, carefully neutrahsed with nitric acid, is concentrated in A 
water-bath, and then treated with a solution of nitrate of mercniy 
in slight excess. The precipitate which is formed, consisting of 
urea and allantoine-oxide of mercury, is collected on a filter and 
washed, suspended in water, and decomposed with sulphuretted 
hydrogen. The solution filtered off from the sulphide of mercury 
is strongly concentrated in a water-bath, and left for several days to 
crystallise. Any urea accidentally crystalUsnl with thcallantoinemay 
be removed by cold alcohol. The allantoine which remains should 
then be once more crystallised oat of boiling wafer, before being 
made use of for the microscopic (est, or for the preparation of the 
characteristic silver-compound. 

The urine oC joung oalves is evaporated to a njra-pv conustenoe in ■ 
wat^r^balh, and allowed to stand fur scleral daya. The crystals that 
Bcparate are washed with water, and then boil«d with a little water. Tht 
■olntlbn IB di?cnloriaed with animal charcoal, aod filtered while hot ; a few 
drops o( hydrochloric acid are added to prevent the separation ot phosphate 
of magaeria, and it is left to cool ; the allantoine then separates in the form 
of thin crystals united together in himdles. 

Coira urine is strocigty acid, differing, in this respect, from the urine of 
the grown-np animal, which haa ceased to feed upon milk. It contains u 
much urea and uric acid as the urine of man, but no hippurie acid. On the 
other hand, the urine of the cow. which is rich in hippurie a 
allantoine. 




In 100 [Kts : Ckfbea . . . M-9« 

Tntn^a . . . 10-68 
Orrgn .... fl'M 

100-00 



1 or mljeeted to tfae actiaB of rtraa^ adds aad 
kn, howwa, of hte been iteogn ia ed \tj Tbduvt 
mp-Beauies, Stadder, and odtera, as both a WH«al 
camatitaeat of Tarions orgaas and juices of Ike 
s and beast, haag asaaOr foomd associated with 
Leucine has, in fact, been fonnd in the lirer, esprcallv 
vhen the faacbon of tbe organ had been deranged ; and, lo^facr 
vilh tjrosinr, in the pancreas and the pancreatic juice in considerable 
qnaatitj; also in the spleen, in the np[>er part of the intestinal 
canal, iu the thymus, the thyroid and salirarr glands, in the saliva, 
IB tbe iTmphatic glands, the lungs, and t)ie brain. Leucine basalao 
been (bund in the urine in the course of certain diseases — in typhus, 
in nnall-pox, and in atrophy of the lirer. 

B. ilierateopicai Ciarartert. — Impure leucine, as obtained on its 
fiot separation from animal BuidD, orystaliises in gmnuliir masses, 
aonajsting of roundish, and iu part conccntricaUy striped globulea, 
mo>tl; uf R yellowish colour, some of them finelj pinted, but 
without any distinct crystalline form, tlicy somewhat nscmtilo glo' 
bolar ftt-cells. ^Vhen pure, it separates in gland-like nms^os of 
leaves or siales, whose contour is often ilifficalt of determination. 
Single bordi^rs are fnquently iiecii like sharp dnrk lines, so that on 
the firrt glance several crystals appear as capillary needles terminating 
in two points. (Firnke, /'/aie III. Fig. 6.) 

a (Aemicat ChariKlerg. — 1. Pure leucine takes tlie form of white 

etyitellinc scnles, has a fatty feel, and is without tustc or smell. It 

not readily moistened with water, but is nevcrlhrlesx tolerably 



LEUCINE. 

eohible in it; it is less soluble in alcohol, and quite insulablc in 
etiier. It midllj dissolves in adds and alkalies. 

a. Leuciue, carefully bealed to 170^ C. (338= Fahr.) in a glas 
tube open at both ends, sublimes, without previous fusion, iu while 
flocculent masses, which, Uke oiide of zinc, are in part eonsejcd 
along the tube by the heated current and e.scape into the air aroimd. 
This peculiar mode of subliinatiuu is very characteristic of leooine. 
Heated t« ISU^ C, {356' Fahr.) leucine fuses, and ia decomposed 
into carbunic add and amylaminc : 

2 Carbonic Acid ^ C^ 0, 

I Amylamine = N J H 
IH 
1 Eq. Leucine = C„ H„ N O,. 
S. It is separated in beautiful glistening scales from a boUuig 
mi&tnTe of leucine and sugar of lead, when ammonia is carefollj 
added, as leudne-oxide of lead. 

4. A solutioa of nitrate of mercury does not cause a precipitale 
in Ku absolutely pure solution of leucine. Any precipitate thereby 
formed indicates the presence of tyrosine— t. e., if the supernatant 
fluid has a reddish or a rosy-red colour. 

5. Lcudne, wht'n mixed vith putrefting animal matters, and also 
when fused with hydrate of potass, is converted into valerianic add 
{0„U„OJ — carbonic add, ammonia, and hydrogen, bdng at the 
aame time evolved. 

6. Pure leucine, carefully evaporated with nitric acid on platina 
foil, leaves a colourless and nearly imperceptible residue. If to this 
residue a few drops of caustic soda ore added, and heat is applied, the 
leudne will be dissolv-ed ; tlie solution «-ill be perfectly clear, or more 
or loss discoloured, according to its degree of purity. Again, if the 
fluid be carefully concentrated on platiua foil over a lamp, it will 
in a short time be gradually condensed into an oily »>rt of drop, 
which rolls abtml on the foil, ndther moistening nor adhering to it. 
"Ous property is very ohancteristic eveu of leucine which is not per- 
fectly pure. (Scbctwr.) 




8bcti0n xxsiv. 

Tybosine. 

lition : — 

In 100 parts: Curbon .... oOG? 

»Hydrogeu . . . 608 
Nitrogen - . . 7-73 
Oxygen .... 8652 
lOO'OO 
nula: C,.H„NO.. 

^ecnrretue. — Tyrosine ia formed in exactly tlie same way as 
, and ia produced eitlier somen'hat later, or, more gcneraUy, at 
le time as the leucine, during the decomposition of bighly- 
nous animal matters. Like leucine, it ia also found normally 
ihologically in the human body ; Prerichs has found it, to- 
vith leucine, in hu^ quantities in the urine of patients suiTer- 
m typhua, small-pox, and acute atrophy of the hver. 
iKroK»pKal Characters. — Tyrosine forma a snow-white, silky, 
ng, adhesive mass, which consists of long shining needles 
ed tt^ether ; these needles again are composed of very delicate 
' needles, grouped together in a stellate form. TjTosine often 
Liaes out of an ammoniacal solution, in globular masses, 
arc composed of a Dumber of fine needles congregated to- 
in a radiating form, and jagged at the |)eiiphcry, iu conse- 
of small spear-shaped crystals projecting from them. Com- 
. under the object-glass, these little globules of tyrosine break 
into fragmenta, consisting of extremely fine white needles. 

'■' . 

'Atmic^ Ciaraelcn. — Tyrosine has neither taste nor smell ; 
nost insoluble iu cold water, but readily dissolves in boiling 
and still more readdy in acida and alkalies ; it is insoluble in 
and ether, 

Vhen treated it emits the odour of burnt hom ; it does not 
o sublimntiou. 

litric acid carefully evaporated with tyrusine pioduces, in 
D to oxaUc acid, a yellow body — nitrate of nitrotyronue j this 
, when treat£«l with potasli or ammooia, assumes a deep 
i-hrown colour. Tyrosine, evaporated on platinum foil with 



TYROSINE. 

." J- 1 'I. ti."— Iv-'- rii'i^ilv, arul assuirif-s a livilv 

* r.-. 1.- -. 'II IS tlir mill hofonics warm. 

■ .• -i I -\.::':ir tr:i::'?:U'i'nt res'MiU' of a di-fp 

• ::< :•• -iilui' a tV-.v ilr'.>p5 of hvdrochloric 

* :. •— ; : • -5 i i.^n vt»l!..w.roil ci.»lour. andwhon 

• v.:-*:-M.irk n:>iiliio. S«-li(Tt.T pn-fers 
• ' -'. •■: ii f =i!it «•:' i^s ea>y perfonnaiifc. (4.) 

. ^ - . . ™. .- ,^ :, ^.^ ir^m a hoiliiiLr solution of 

• -. - ■ : - r •:'"iM'. ',•!>: -Tir-iTiintant liquid taking an 

*.-«■• • v.- '. <f :< .xittuliiiLrlv seu'«itivc. If 

- - •• > .' -'■ ■ :'r. i' niu-it ]»«» b»»ili'd aud left at 

. * '■'• ii'/. i'lsin with a fi^w drops of con- 

.."•.: '.' *'. :ir«'d, (lis'JiUvi's, and assunn^s a 

1/ r •.:'. ri'*ri with \Aater. tlio acid is 

.: : .' :' hanta, tho niixtun* boilrd to 

• ' ir; :a. a:i«i a neutrnl dilute snlutiou 
\ ' *!:• d!r7ar«\ a Kautiful violet colour 

«. 1 - ;. ::.-•;• :' !• :;/ine ninv be pn'sent with 

• V ' .. - ; svrv ;. Ill are. When diluted 0000 

• - • . -^ ' I ! V ly r^tl in a common test tube. 

♦••.• ■ ' • • : i -V -.".i-'i'S thick, a distinct rosv-n-J 

. • ^ . '. • " ■' i/iii^ioii i-j carried to 25,000, and 

....•• - • •' •.: ::.i w!:. :i the dilution rraches even 

I*. ;** • • . — \ *' x'*:?".: 'f .') piniuds of oil of vitriol, and 
I ; ..... :, , ' ,v \\". -.-^ •'. --.r* •• \"iy\ '1 p'Vindsof horn-shavinirs.and the 
!nt\ ■.•.!-v' •'»•.•'. •- "\ ;-"\-:'*.:rh.^urs. the water as it evaporates being 
iv:tcur%i • "' "i^ •'-" ' i-'id i* t".'.«.!i removed bv milk of lime, 
liltruJ. win'\\'. wi''. I'm :':•;: w.iTiT. am! the liltrate, after the solu- 
(KUi Ii.i> '••»'*••• re»rivci to ;i'-.".it I'Z p.iMind'*, freed from the dissolved 
tunc b^ »'"*• c.ir\:''!' ;'.iid'.'.'i'n ot' «\alic acid. The tiltrate is now 
v»^iiiKM.ii»d iitiit' .1 crNsi.d'.iiie pedicle bcL'ins to form on its sur- 
liiM'. i'hr •'} v\\ i'.w* mas'ics o( crvstals found in it are leucine, 
m\\iA ttti'j \iM*j!c vp».i:ititics oi tyrosine; for it rarely happens 
III Uro-inr i-« .i'U'i;iiiti*r absrnr. 

Tlie iitib'UMi iu:;rei' o( s.dubility of these two bodies in water 

llilo n 1 ^'i KM- i.u- puijuKo oi si^parating them. The crystal- 

j...in|».Mmd IS ilis<v>l\Cil in a large quantity of l)oiling water. 
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that ouly u small portion of ilie crjrstals separates when the 
ntion oiola; these cj^stals are white needles of the uearlj in- 
nbltt tyrosine. The leucine may now be oblaineJ from the 
'-liquur in white cryatnlliue masses, nfler treatment with 
charcoal and further concentration. — (Schwanert, Ueber Leti- 
*,• Litaert., (JiiUiiu/^, 1857.) 

■. Te4U. — Leucine and tyrosine have not yet been found in the 
£nc of hcallliy people. Prericha first discovered them in the 
ioe of patients suffering from typhus. In acute atrophy of Hob 
let, leucine and tyrosine arc present in large quantities, whilst, xt 
le nme time, only traces of the substances such as urea, &c., 
hicb normally represent the final products of the inetamorplioses of 
e tissues, are found in the urine. Urine of this kind often 
spontaneously a softish greenish-yellow sediment, consisting 
round graudutar masses of needles of tyrosina; and when 
aponted on an object-glass, leaves numerous crystals of leucine 
tyrosine. In order to obtain a large quantity of these bodies, 
lericbs drew off the urine, which also distinctly showed tlie pre- 
of bile-pigment, with a catheter, freed it from colouring and 
Inctive matters by precipitation with basic acetate of lead, 
tend, separated the superfluous lead by sulphuretted hydrogen, 
then concentrated the clear filtrate. In twenty-four hours a 
nntity of tyrosine,* sufficient for several analyses, was depoBited.t 
Scfameisser, by the same process, found a large quantity of 
in the tuiTie, in a case of acute yellow atrophy of the liver, 
nrinc was free from albumen, and by none of the known test« 
A the presence of bile-pigment be discovered in it. The 
nne contained in it was crystaUised out of boiling water, and 
1 ntbjccted to chemical and microscopical tests. To obtain 
leacinc, the ei-aporuted residue b first of all treated with cold 
aolnte alcohol as long as the alcohol dissolves anything out of i^ 
then extracted with boiling alcohol of ordinary strength; in 
my a darkish -brown, tenacious substance is obtained, readily 
in water, and containing the remains of the tyrosine. The 
liolie solution last obtained, after evaporation and long- 

* T<ig«tb«r with the tyroime, another oryHtalUsiLble bodj- of a siuiUur Incm, 
lidm in nllnigen— 8'83 per eent. — was found. -^^ 

PKrioh^ DeiLitelu! KUnik, li>bi. N. 31,;>. 34». 




SEDniEXTS OF THE URINE. 

of Ae >Tntpj residue, dqx)»U Uie ]eacine in it in the 
fan docnbed tbon (Sec. xxstu. b.], irbich may be mb- 
iwtcd to dtcfniot aad loimMCOinical lest?. 

It is better, bowicTcr, before testing to |mrify still riutber tbe 
lanint lh»3 oliUiDod. for tbis ptupose we ma; make life of tbe 
"^fT""^ TonDcd bj it with oxide of lead. The watery solution 
of knda^ freed mbxwa possible from the molber-le)' by pre^aiue 
betveea fupet, u icadMod tfmogly alkaline with ammonia, and then 
mppilated with tmgu ti lead solntioii, or basic acetate of lead as 
fel^ as mmy prcc^itBte fanaa. IIk precipitated leodne-oxide of lead 
u oofleclcd on a ttlcr, dq^lj wuhed, then suspended in wster, and 
deeo^naed villi salplnTettcd bvdrogcn. Tlie leucine will uov be 
arfanted ia a {HR cmlalline fonn from the filtrate on its evapon- 
tioQ. (Ldhaaaa.) If the mine contains albumen, the albamn 
noat be {wniooslT aepuated br beat and filtration, and tbe filtnk 
Ihcn tested for leociiM and tyrosine. 

Chnnnnt be taken in this experiment that tbe urine isosedfroli; 
bcentn lendiH in contact vitb patrefying animal substances is veij 
readily deeompoaed, and raletiamc acid formed. 

Tbe 11106 desctibcd by Frericbs as obtained in the case of acute 
atn^T of tbe Ktct, eontained 1'9 per cent, of solid residue, and 
0'14 per cent, of asb. Tbe residue was strongly acid, and no niea 
ooold be obtained from it. It eontained, besides leucine and 
^rrosice, a tenacious, extractive-like substance, similar to that 
r wUd) is formed (K^ber with tyrosine and leucine) during the | 

^^^^V Httttttl decomposition of proteine-bodies by acids. The aib 
^^^^m eonsists mainly of chlorine-compounds and sulphates. It ia »• | 
^^^H msrkable that alkaline and earthy phosphates are entirely aboeoU . 
^^H (Frericbs.) 

I 



SEDIMENTS OF THE DEINE. 

SKCTION XXXV. 



We have ah^tly consiileied (see Sec. i.) tbe peculiar decompoa- 

\ (iona which healthy urine undergoes when left at rest for some 

time. These changes, which we have distinguished hy the names 

of acid and alkaline fermentations, have a very intimate connexion 

with the formation and separation of its sediments. 



SEDIMENTS OF THB URINE. lit 

We will, first of all, consider the sedimeat which is most 
fitqaCDlI^ met with in the urine — uraie of »oda. We often notice 
tt»l urine, wliich is perfectly clear when parsed, separates this 
wdiinait shortly afterwards. In snch case we may conclude, that 
tbe ante of soda is increased to such an extent in the urine that 
it cannot remain in Bolntion at ordinary temperatures. This view is 
COnfinoed by the circumstance that the sediment \a usually redis- 
■olved «'hen a less concentrated urine is added to it, or when it is 
heated. 

It often happens, however, that the urine remains clear long after 
it bM attained the some temperature as the surrounding air, and that 
Ibe separation of sediment does not take jjlace for twelve or twenty- 
four honrs aft^r the urine has been passed. Bec{|ucrel also has ob- 
serred that urine which throws down no sediment often contains more 
of the nrates than tirine which deposits a sediment. Consequently, 
the cause of the separation of the sediment must he sought else- 
wbcre. Lehmann considers that the cause of the deposition of the 
urates is to be found in the colouring extractive matterj which also, 
■cootdiof; to Scherer's observations, occasions the separation of free 
uric acid as sediment. According to Lehmann, the solubihty of the 
nnte of soda is increased bv the colouring extractive matter, and the 
'decomposidou of the pigment exercises an inflnence over the entire 
COOstitUlJDS of this salt. 

We have alrtady seen how prone the colouring-matter of the urine 
is to undergo decomposition, especially when subjected to the infln- 
eooe of the air, and that free acids, in'small quantities, are at the same 
tnne prodQccd. If, thcR-fore, we expose to tlie air sedimert. which is 
Ofiginally colourless, and contains no free uric acid, the beautiful red 
colour of nrinc-pigraent will first appear in the moist sediment col- 
lectol on the filter; and if we now endeavour to dissolve it in water, 
we sbnll find that more or less uric acid, in tlie form of beftutiftU 
dystaU, will remain behind. The phenomenon is readily explained. 
In consequence of tlio decomposition of the pigment free acids are 
fbnnetl ; these withdraw a portion of its base from the urate of soda, 
sod uric acid is thereby separated, the filtered fluid not having an 
alkaline but a neutral reaction. 

Lehmann connders, &om these facts, that he is justified in drawing 
tbe following conclusion concerning the origin of uric acid sedimenia : 
— ^Kentral urate of soda is dissolved in the urine, but whenever any 
free icid is formed ttirough the decomposition of the pigment, tlm 





MiAfKSMdbdbtlbai hisdncnptioo 
ifatttc fcw^nBtiiii of Uk iHgment- 
JB 4k mia ca^t at thai ptoAaOioa. 



b■^ Ac aai lamatitiaa, amd then depoaha 
wi, Sr&HB'fait uhwuJ Uvs ptoccH; and 
^ A Am ^c and adHotB ue the prodod 
vliek Ac vae mIli^iilu oat of the body. 
dk o^ftMol (Sbc; t.1, ths free add, wliiGh u 




of AcBacMof ihe bladder i^x>n the 
rflW »M^ ifBy Aaa^ge ihc I^htly-^oinbiaed 
■Ik of Hie aci^ ■■■^ *^ > pHttna of tfadr baae, and thnwing 
Jbm Af wic aol at a <mtaliae farm. Hotwnr, it is to be noted, 
Am rmliir af ^ an be fixBed, or at aQ nents s^uatd, 
Anag Ae fmecaa of faHEatatkB, for ia nxHt aata crjVl^ of | 
mti^ttthmtme not faaad in &«A ane ; when, bove?er, the add i 
iSBEBladas-pna^ ba> nfcaianfd a prad{abae at niic and crj-stals, i 
««^ optab of axalite of fine are fbnnd minted vith them. 
Obiii|iMMlj, tbe fm—tioii of flsabe add afpcats to be iDtimatel; 
OHfeted «iA Ae MpiMioB flf Biie acid. 

Hds ftj M ia tioa-fgoceg of the uiBe harbg at length teached 
tta BaxiBnm of acidity, a rlraagr eomncnccs. In the course of a 
Je* dijs, or it ataT be weeks, the add disappears, and the surfaoe of { 
Ae otine beeomes eamrd with thnads of fungi, confervic, and algte ; 
fton the neatral it gradaaUj parses into an alkaline condition, and 
Ae civitals of uric add, which hare been separated, disappear, and 
ne replaced br other sedirocots. Hie anunooia, reuniting from the 
decomposition of the urea, causes a separation of earthy phosphates, 
of phosphate of lime as sach, and of tx^utiful cnstals of aminonio- 
phosphate of mi^esia. At the same tiuie a portiou of the ammonia 
vnitea with the uHc acid, and forms a sedimeut of urate of ammonia. 
The urine iii this condition effervesces with acids ; the greiiler part of 
Hm pigment is decoui)>osei], and its yellow colour almost whollj lost. 

This alkaline fermentatiouj tiip promoting agent of which is the 



URIC ACrO SEDIMENT. 113 

^MWipoeed iDUCOs of the bladder, is not in all cases preceded by the 
fermeiitation. It snmetimes occurs at an earlier i>eriod, and in 
witluQ the bladder itself, in affections of its mucous membrane — 

■ {noof that nriae is sometimes originally alkaline, even when ita 

•Salinity is not caascd by the ingestion of organic idkaline salts. 
Sdierer has also endeavoured to show that this fennentation-pro- 
m, vhen it takes place in the bladder, is the chief cause of the 

Ibrmation of urinary calculi. 

The onliuary sediments of uriue may, in accordance with what his 
en said, be grouped together in the following way : — 

1. Sedimenlt caused bif the acid fertaenlation. — The mucus of the 
llUdder ai'ts as a fennent upon the pigment-matter, producing free 

Etio and acetic acids, whereby are thrown down, — 

1. Free uric acid, 

2. Add urates (soda, &c.). 
S. Oxalate of lime. 

2. Sedimentg eained by the alkaline fermeittation. — Carbonate of 
MPoaia ia formed in the urine; the free uric acid disappears, and 

tbe following salts are separated : — 

1. Ammonio-phospliate of magnesia. 

2. Phosphate of lime. 

3. Urate of ammonia. 

Infusona, fungi, and yeast-globules are formed at the same time. 
We will now proceed to the particular consideration of each of 
tbeee bodies. 



I.-UNOHOANISED SEDIMENTS. 

sEonos xxxn. 

Uhic Acid, 

tlric acid is not found as a sediment except in very acid urine; it 
ia generally accompanied with urates, especially with acid nratc of 
so^. As n sediment it is always coloured j sometimes it is of a very 
pde jellow, but ordinarily of a deep yellow, orange-red, or brown 
colonr. Its crystalline condition is readily recognisable even with the 
Baked eye; and when examined with the microscope, it exhibits the 
rnrioiui fonns alreaily described, (Sect, vi.) Four-aided tables or 
BtX-«idecl prisms of a rhoinhic character, wliioh by rounding of their 
obtuse angles form spindle- and barrel-shaped crystals, are charac- 



I .SEDIMENTS OP UIUTES. 

teriatic of uric acid. Shooli], hoverer, niiy doul>t esi»t as to titc 
I future of the crystals, tHe sediment should be dissolvpd ou Ihi' objed- 
, gj«8s in ft drop of ciiustie-polash, and a little hydrochloric mi added 
to it. By this process we obtain the ordinary fonns of the crrrtalf. 
Urio acid, when mixed wilh any of the nrale.", may be panted W 
hut and filtration ; the nnc acid taihs are thereby disn)1>-«d, nnd the 
free uric acid left behind on the filter. We may also employ llie 
chemical test, the murexide-reaction, for which an extremely stnJl 
qS&ntity of uric arid is eufficient. (See Sect, n., Pfc/c /. /^. 2 
and 3, P/dfc //. f')/. i, Plate III. Fig. 1.) Table-shaped 
crystals of uric acid aggn^ted together in a hn-like form, at 
ddineated by Tunke in his "Atlas" Plate XII. Fiff. 8, are not » 
frequently met with in urinary deposits. 



SKCnON IXXVII. 

Urates, 

Sails of uric acid, pres4;nt with free uric acid in the sediment, 
may be separated, as already mentioned, by wanning the urine; thej 
separate again from the filtrate as it cools. All the urates, with tlie 
exception of urate of ammonia, are met with only in acid nrine. 
ITieir colour varies much, especially when they are exposed to the air, 
whereby they are decomposed. They are usually of a greytsh-whitd 
white, rosy-red, brownish -red, or purple-red colour ; and in this way 
often resemble organic substances, such as blood, pus, &c., from 
which they can only be distinguished by the aid of the microscope- 
Chemically, their presence is readily shown by their conduct witli 
liitric add and ammonia (the formation of mureside), as well as by 
their uolubility in hot water. 

'. Aciilurate of mda generally appears in the form of amorphous, 
irregular granules, of very small size. Prepared artificially, by solu- 
tion of uric acid in a warm solution of ordinary phosphate of soda, 
it is obtained as microscopic prismatic crystals, which are usually 
grouped together in stellate raaases. Similar forms are sometime* 
found in the urine at the termination of its acid and the <'omineuct'- 
meut of its alknliue fermentation. Very complicated forms are often 
observed under the microscope at this transition-period of the fer- 
moitation; the crystals of uric acid, separated during the acid fer- 
5 now more or less in course of re-solution, and stt 
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■ '-^ntifol gToup§ of prismolic crystals of urate of soda; at the 
'icoe roncealricnlW sirijied balls — probably of urate of ammonia 
■. lie swii here ami there scallercd over the jirismatic crvstaJs. 

' n ne slill slighliy reddens Utmus, As t!ie feniientation proceeds, 

■ \ica ueut»l reaction sets in, we aUo occasionally observe pns- 
Lrruupsofflcid urate of soda; but we now lind them accompiuiiod 

:i[]>.- lar^ LTyst&ls of ammonio-phospUate of magnesia. 

At:J urate of soda is very little soluble in water, requiring 124 
ti ir[.- ii[ boiling, and 1,150 of cold water, fur its solution. It is sepB- 
T^i:<l from tile urine, in a crystalline form, as uiic acid, on the addi- 
tion of hydrochloric acid. Healed with potash, it does uot giye off 
ammonia, lint leaves a white nsidue when heated to redness. This 
n-sidae, nbcri moistened with walej', turns Fed litmus-paper blue, 
i»;d etftTiesccs With acide (carbonate of soda). Acid urat« of 
Mxf I is nsuidly found in the urine iu febrile states of the body, and 
whenever the respiration, oi mlher the oxidation of the blood, in 

ipeded. 

Plate 11. Figa. 1, 2, Urinary sediment of urate of soda. Plate 
H. Fig. 4, Sediment consisting of urate of sodn, uric acid, and fer- 
itin-globulea, in urine which has been left at rest, and is 
pasting into the stage of acid fermentation. {Plate /. Pi^. 3). 

2. Acid urate of ammtmla is less frequently met with than acid 
IubIc of soda. It is usually found in allcaline urine, mixed with earthy 
pho^Iiates. Under the microscope it ap]>ears to consist of opaque 
lobular masses, from which peculiar dehcato spikelets project, like 
tile 8{iioes of a hedf^-hog. When a drop of hydrochloric acid is 
4iddcd to it, under the mierosoope, the wetUknuwn crystals of nric 
aeiil aoon make their appearance. It is soluble in boiling water, but 
wnfunira ngnin as the water cools. Ammonia is generated when it 
is tieattd with causlic-potnsli. With nitric acid and ammonia it yields, 
like pure uric acid or tlie other salts of uric acid, the nell-known 
nurexide-reiictinii. — Plate II. Piff. 5. 

8. Jeid urate of lime is rarely met with, and only in mnall 
qnantitica. It fonns a white, amorplions powder, very soluble in water, 
irfaidi wlu-n exjxisetl to a red heat leaves behind carbonate of lime. 

Hftlt. — The fMognition of llic urates in urinary deposits is by no 
flieuu difficult. By far the most common of them is the amorphous 
wsd urate of eoda. The ammoniacal salt is less frequently met with ; 
a is always readily known by Us spiked globular form. When we 
have »tiafii-J otinelvi's {by the formation of iiyBlals of uric ncid, on 
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the addition ofu drop of hydrochloric acid) of the preseuce of a salt 
of uric Acid in the sediment, we collect the whole of the sedimeot on 
a filter. A portion of it is heated on platinum-foil until it ia couveited 
into au usL, which is then moistened with wafer, and tested vcith 
tormenc-paper. If the paper becomes broff a, the presence uf soda or 
potass ia indicated. Another [tortion of it is heated with caustic-^Kitsfs ; 
and if amrouniaeal vapour, which turns reddened litmus-pajjer Uae, 
ii given off, the presence of an ammnniacal salt is shows, llie 
remainder, however small the quantity of it, may serve for the 
luurexide test. The diatinction between urate of soda and urate of 
anunonia is readily shown microscopically, by treating the washed 
sediment with hydrochloric add, and allowing it to evaporate slowly 
un the object-glass. The microscope shows (in addition to the 
crystals of uric acid which are separated) cubes of chloride of sodiuni 
if urate of soda was present, or the efflorescence of sal ammoniac if 
urate of ammonia eiisted in the nrine. 



SECTION xssvm. 
Oxalate op Luik. 



1 



Composition of hydrated oxalic acid : — 

lu 100 parts: Carbon . . . 26-667 

Oxygen . . . 53.333 

Water . , . . 20'000 

Formula : C, 0,+ H 0. 100 000 

A. Origin. — Although oxalic acid is widely distributed through the 

vegetable kingdom, it is only met with in very small quantities in 

animal bodies, and always in combination with lime. Oxalate of 

lime appears in the urine, both normally and pathoIogicaUy, as a 

sediment in the form of wcll-marlced crystals. It is chiefly met with 

in cases of impeded respiration, in emphysema of the lungs, and 

during convalescence from severe diseases, particularly from typhus. 

According to Lehmaun, the oxalate of lime is held in solution in the 

urine as it comes fresh from the bladder; and this seems probable, 

inasmuch as the oxalate is tolerably soluble in a solution of biphos- 

phate of soda, which is the chief source of the free acid in healthy 

urine. We may, indeed, according to Lehmann'a assertions, readily 

satisfy ourselves of this. The urine is filtered and evaporated, and 

moderately concentrated spirits of wine added to its sohd residue; 
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Itfanr is next shaken with ihc spirituous extr.ict, mid after tliis opem- 
wo find in the alcoholic extract a sediment, nhieh is insoluble in 
vatcr, and mnsisls of beautiful crsjtals of oxalate of lime. 

Oxabte of lime separates from filtered uriuc only after it lins 
fiff some time, together with a few uric acid crystals. Oxalate 

tune, again, is often separated in large quantities, as soon as the 
■dd fennentation of the urtne commences, and is then readily found 

the sediment with uric acid, (Sect, xxxv.) 

V^etiiliie diet, effen'escing wines and beer, as well as the internal 

eofbicarbonates of the alkalies, alkaline salts of organic acids, free 

ie arid and salts of uric acid often increase the quantity of oxalate 
of lime in the nrioe. 

Beneke has made some very interesting observations respecting 

B origin of oxalate of lime in abnormal urine. {Bencke, /UrpAot- 

vn. uadoxaU. Kalk. Gijttingen, 1850.) 

B. Mkroteopieal Charaeiers. — Oxalate of time, prepared artifl- 
dally (as by the precipitation of a salt of lime with oxalate of am- 
Bumio, &c.), appears, under the microscope in the fonn of perfectly 
tnrarpbons masses, in which not the slightest trace of crystallisatiou 
ible. Separated, however, from the nrine in the form of a 
it assumes very characteristic forms. Crystals of the oxalate 
of Kme thns ohlained appear in the form of small, shining, well- 
defined, perfectly transparent, sijuare octohedra, having a strongly 
nftsctivo power. Some of the crystals, however, are occasionally 
feoiti] with very acute angles. Beneke, in the work above referred to, 
■bo describes peculiar hourglass-shaped crystals, and others, of a 
•qoaro columnar form, with pyramidal summits. (Beneke, Plate I. 
fff», 4 to 10.) (Fuoke, Plate I. Fly. 1. Plate I. Fig. 3.) 

Bouttful crystals of oxalate of Hme separate from urine wliich 
Ihrovs down no sediment, when a dilute solution of oxalate of 
■mmonia is carefully poured over without disturbing it. I have in 
tU> iray nrtlGcially prepared u large quantity of most beantifnl 
ojstalltnc forms. The relation of oxalat* of lime to acid phosphate 
of soda is interesting. WheTi common phosphoric acid is added to a 
aohltion uf onlirtary phosphate of soda, until a drop of the mixture, 
on testing, is fonml to be no longer clonded by a solution of chloride 
ef barium (u proof that tlie Utiiil contains only acid phosph.ite of 
aodb), dilute solutions of chloride of ciilcium and oxalate of ammonia 
aaj bo added in drops, without occasioning any turbidity or sepa- 
ntioti of uxoliile of lime. If veiy dilute causticsoda is now care- 
^y dropiH-d into this solution, which remains clear even after 
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of magnesia, both of which curnpounds are in mo^t cases 
vkli U^-tUer. It mrdy ha[i|ieiis that one of them exists alone 
tbii tirine. They do not form iu acid uriue, on accouut of their 
dy •olability.cven in very weak acids. They never appear except 
the iiriue has niidergoue the alkaliue fermentation, either within 
; of the hiediler. 

1. ^mnu/nio-phoapliaie of Maguena. — 'I'liis sediment is not mrt 
hi healthy urine; but it always appears in thu form of remark- 
ly beautiful crystila, wlien the urine becomes alkaline. In some 
s — in serioua affections of the blndrfer or spinal marrow — 
qnantities of sediment is often found, consisting of these 
rslala. In diabetic urine, Lehmann once observed a white shining 
mt, which CflUBistfd solely of ammouio-phosphate of mag- 
witliout a trace of lime. 
Tbc cryittala of this double compound (the tri]de phosphate) may 
always readily recognised by their characterislic forms. TTio 
K most frequently met with are cumhinntions of right rhombic 
ms, PUiU 11. Fig. 3, Fig. 5, The crystals are insoluble in hot 
iter, but readily dissolve on the addition of acetic acid, and may 
tliua di^tinguishwl from those forms of oxalate of time to which 
t/f brar a resemblance. They are not affected by alkalies. 
S. PAotpiale of Lime, as a sediment, forms an amorphous, and 
iqiieiitly also a crystalhae powder. It is insoluble iu watn- ; but 
loUe Ui acid!<, even in acetic acid, and is precipitated from their 
Jons by alkalies ia an amorphous state. Consequently, this sedi- 
ent only apiwars in slightly acid, neutral, or alkaline urine. 
Pbosplute (if lime, iu urine which has only a feebly acid reaction, is 
qoently held in solution by carbonic acid only, and is separated in 
liib! flakes, closely resembling those of albuminous coagula, when 
e dubunio acid is expelled by boiling. 

Sediments of crystalline phosphate of lime are also not unfre(|upn(ly 
et with, and sometimes minglctl with triple phoiiphalcs. Tlie 
vt, form, and gronping of tiie crystals of ttiis phosphate of lime 
iiy conaiderahiy, hut they always present signs sufficiently cbarac- 
ristw to ailmit of tlieir being at once reeogniscd'under the micro- 
opc The cr)3tals are sometimes solitary, and sometimes aggre- 
ited, frequently forming coils and rosettes. At times they are 
in and acicuhir, often forming globe-hke ghinils iif crystals, by 
ipg upon and crttssing each other nt right angles. Again, they art- 
and smooth, and present sharp or pointed extremities. 
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Or^n. — Cystine was originaSlj' discovered in a uriiinry cd- 
. but it has since been often found in the urine in a state of 
ttiuo, uid precipitated out of it bv acetic acid. It Is also fonnd 
sedimcDt mixed with urate of soda, llie oocurreiioe of cvsllne 
. tiniiaj; calculus is very rare; of 139 specimens of calculi only 
oontsmed cystine. (Tsjior.) Cloetla hos recently found cystine 
bo juice of the kidneys, together with inosite and hypoxanthiuc. 
BKf on one occasion found it in the liver. 
alius Miiller (Archiv d. Pharmac, March, 1852, p. 228), 
aibe* a urinary calculus containing cystine, which was removed 
(^ration from the bladder of a boy 6 J years of age. The 
of litis boy, which could only be obtained in small quantities 
> the operation, threw down an alkaitue sediment, containing 
roDS mucus corpuscles, but neither uric acid nor earthy 
npludes. Only a small quantity of urate of soda, but much 
iridc of sodium was found dissolved iti it. The calcidns weighed 
}} grains, anil contained &5'55 per cent, of cystine. Imme- 
Idy after the operation the urine presented an acid reaction, threw 
rn a mucous sediment, and contained less uric acid and earthy 
WphatcA, than healthy urine. Eight weeks later the alkaline 
mion again appeared in it; it contained much cidoride of sodium 
I area, but only a trace of uric acid. On standing, it deposited 
tdiment of ammonio-phospbate of mttt,'iiesia and cystine, which 
I feodiJy recognised by its crystalline form under the microscope, 
Uie removal of the mignesian-salt by acetic acid. The filtered 
ne aiso, when acetic acid was added to it, threw down a prectpi- 
D in the course of twenty-four hours, which when dissolved in 
in, left on evaporation of the solution, the characteristic micro- 
[MC tables of cystine. From this it follows, that the production 
tbe cystine in the urine of this lad continued after tlie operation. 
Toel {Annual, d. Ckem. ft Pharm. vol. 96, p. 24} has made 
interestmg observations at Bremen concerning the production 
Uii" remarkable substance, in the case of two young women, by 
it was constautly passed with the urine, irnrliy in solution 
1 |iartly as a sediment. These women had Fulfered from calculus 
Uie kidney. The quantity of the cystine separated reached in each 
aroa^ of about 1 A gramme in 24. hours. 

JXicroKoplc eAaraclen. — Cystine crystallises under the micro- 
ju the form of transparent, colourless, sis-sided plates or 
a. As, however, uric acid occaaionally crystallises in aix-sidcd 
i, tUe microscopic investigation of the cystinccrjstals ihtes ndt 
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ffxci". for I he (let cniii nation of their nntiire. The sediment must, 
erofore, l)c examined chemical ly. {Plate II L Fig, 4.) 
c. Cht'm'rnl clianicfem. — Cystine is a neutral bodv, without taste 
id sniol]^ insoluble in water, but soluble in minenil acids and in 
(alic acid, with which it forms saline compounds, that readily 
[idrri^o di^composition. It is not soluble in acetic or tartaric acids. 

2. (;vstin*» treated with nitric acid is decomposed and dissolved, 
lul on evaporation of the fluid a reddish -brown mass is left, which 
DCS not Ejive the mnrexide-reactiou with ammonia. 

3. Heated on platinum-foil, cystine does not fuse, but burns with a 
luish-^recn flame, giving off a sharp, acid, and characteristic odonr, 
hich resiMubles that of prussic acid. Subjected to dry distilLitiou, 
t yields ammonia and a fetid oil, a porous coal remaining as rcsidne. 

1. (-austic alkalios and carbonates of the fixed alkalies, as well as 
nusiie ammonia, readilv dissolve cystine, but carbonate of aiDmonia 
liH»s not. C'onsequently, we always precipitate it from its acid 
tolutions bv (Mrbonate of ammonia, and from its alkaline solutious 
liv acetic acid. 

&. i 'vsiine boiU\l \\'\\\\ canst ic-^wtash, in which oxide of lead has been 
[iTvvionsly dissolved, throws down a large quantity of sulphuret of 
lead. ^liiebig.) 

t>. Wlun cystine is boiUil with caustic-potash, ammonia is pro- 
durod, and a »r*^s which burns with a blue flame. 

i», '/'f.*/*. -rvsiinc is chiolly oharacterisetl by its crystalline form, 
bv its solnbilily in mineral acids and alkalies, a!id by its conduct 
when exposinl lo hi at or mixeil with nitric acid. Liebig has also 
p^nH»sl'\l as a test its nMCtion with caustic alkali and oxide of lead, 
whii'h wlun boiUd \iitii cystine yield a largo quantity of sulphuret 
of lead. r*ut iu tlic ai>i U^-ation of this test, it must bo remembered, 
thai ollur lunlies wliioh contain sulphur, such as albumen, fibrine, 
ifee.. act in a siniil.ir wa} ; it is therefore always necessary to ascertain 
tUsit none A ilu'<\* Iwlios a^' i»!\seni, or if any should be present, to 
iviuovv* them Ivi'orv ivmii:k i^ciii.^ opirations. 

i\Ntinc UM\ be iv.uiil} il>::::L:uishal from any of the earthy 
phusph.iiiw or uniio ^^I'.u'i ni:iy Iv mixed with it, by boiling the 
«rine and iivaunLC ii ^^'tli aociio acid. The boiling and acetic acid 
iK» U\»i .'.ilVvt ihc e\su!-e, b'^t dissi.uve th; other*. Uric acid, 
^hieb, as mo have alrxa^lv s:aCvii. ixYasioiuu'.y orystallises like cystine 
*** »i\-*id\%l labK-^* i* c*sii} distin.:uislu\l trj:u it by the mureside-test. 
''V^^iiK^ when skubjtvtrtl to the same test, loaves a reddish-brown mass. 



TYitOSINE.— MUCUS. AND KPITHHLIUM. 



( Compare mlA Section 3 1 .) 

Stidder and Frcriciis fountl a greeni9h-yellow crystalline setiimeiit 
tile urine of a womnn, whu was suffering frum acute atrophy of 

e InvT, nfler it hiid been allowed to stand for » short time. This 
■cdtmrot WRS considerably increased wheii tbe iirino was slightly 
erapOTateJ. It wan extracted by the action of dilute ammonia, and 
(he erystftis first separat«?<I from the solution were then recognised as 
^Toadne. Another more solnble compound, probably homologous 
■iUi t^TTosine, remained in the mother-liquor ; it cuutained 8*83 
|Mr oenl. of nitrogen. The tyrosine contains 7'73 per cent, of 
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SKCTION Xt.ll, 
Mucus AND EplTIIEI.n-M. 

Animal mncns ia the product of the secretion of the mucous mem- 

bnuin, nnd holds in snspension the cli&erent forma of the epithelial 

ceOs, which have been sepnnitcd from tbeir surface. Urine always 

contains mucus, secreted from file mucous membrane of the bladder. 

I 'WTicn the urine is left at rest the mucus separates in the form of 

idtmdj, transparent tlocculi ; ond if, after Ihc mucus hns thus 
gtthered together, the urine be filtered, most of the mucus remains 
on Uie filter in separate, transparent, colourless mnsses; it then 
riutvels up and forms a shining, varuish-like layer. 

■aeinc ia Uie f ajcntial ounstitnent of muouH, and the olTshoot of a prolciue- 
hody ; it im]»rls lo the lluid in wKiah it is dissolved, even tliough its 
I qDaatilf be busII, a tough, thre&dy eonsiBtence. A solution of mucine is 
' Bot ooagnUted liy boiling (aud in this it differa from albumen) [ but it 
' tvadilf cou^nlntcs un the addition of alcohol, wliich tbrnwa down the 
i Boeine ia doiive ttoaonli. Acetio acid, oi well aa a xulution of nluiu preoi- 
I (itatvainaini:-, thu tliread-llkeiuassA thrown dnwnbj' ooeticaald tomewhut 



at niirrtjw or broad twisted baiid», arrauged in rows, and 
InoBsttog of fxtrcmelj fine points and granules; it is ver^ fre- 
iqiMDtl}' associnted with tlie sediments of acid urate of soda. 

Tl'-«p Diticous coagula {Plate II. Fig- 2) occasionally resemble 
hat tlie casts of graodar kidney {Plate I. Fig. 6), and may 
n? be a source of error. A little practice, bowever, readily 
a rlie obsener to distinguish the one from the oilier. 



SBCnON XUIT. 

Blood. 



TTie presence of blood ilk the uriue is not a rare phenomenon, and 
nuiy be demtm-itrated without any great difficulty. The existence of 
blood- corpuscles in the urine, as shown by their microscopic charac- 
ters, is an itnporlant test, being demonstrative of the presence of 
Uood. 

A. MieTotcopio charaeterg. — Normal blood -corpuscles are small 
maoA crlls, probably filled with fluid matters — hiemato-crystallinc. 
Tb^ cannot be confounded with any other object when examined 
muler the microscope. Tliey appear as thick, circular, and slightly- 
bicooCBVe discs, with rounded borders, a colourless membrane, and 
oontain a reddish, or by transmitted light, yellowish, tenacious 
fluid. These blood-corpuscles have no distinct nucleus, and 
ouly a few of them exhibit iu their concave centre an ill-defiued 

Inockolus. Tliey are for the most part massed together in a num- 
mular form. Their size in man equals about 0-00753 MM. {Plate 
L fig. 6. Flate III. Fiffi. 1 Sf 2). They undergo peculiar changes 
and modifications of form under the influence of alkaline suits and 
\ et Otbet bodies. These changes require co us (deration. 

B — t. The aetivn <^ leater on blooii-corpUKleg. 

\ Bie ■Iterations which blood-corpuscles undergo in water Tarjr 

r accurding to the quantity of watur employed, and the length of lime 

they have been mixed with it. (These changes are shown in Plate 
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///. F'K\ 2. ] Toceidir.e fmm left to right.) Uuder the actiou of 
naitT iiw (.r'.!< swrll out, assume at first a somewhat lenticular 
form, an i tiiialix tliat of a sphure; their central depression b 
eh-vated, and irraduallv bulffiS out, which necessarily occasions a 
diiiiiuiiti'.'U uf lue iliauuiiT of each disc. The corpuscles now 
api)ear sinalior. the ceutml shadow graduallv vanishes, whilst a 
circular sluulow comes into view at their Iwrder. The cells, if still 
further ^ubjlvt^.■d to the iuduencc of water, become fainter and 
paUr, pn-seniiii^ the apj>earance of thin hyaline vesicles, which 
irradualiv l>ecoiue invizrible. 

•2. i)V '."I-corjjf'-^clrJt ttWital inth sa/i/ie solutions, ^r. 

Blood-ei»rjmsoles trcateil with a concentrated solution of a neatral 
salt, suih as sulphate of soda, become nmch contracted. This change 
is eliietly nvoirnisevl, under the microscope, by the more marked charac- 
ter of the central depn^ssion thence resulting; the shadow wliich indi- 
cati^s it approiK-hins: nearer the border of the disc than it does in the 
healthy bUxul-eorpusehns. The borders of the blood-corpuscles at 
the same time lose their cireuhir form ; they become more or lew 
distortal, oblong, or angidar, and, instead of being smooth, are 
notehed and jagged. If blood- corpuscles which have been rendered 
invisible bv the action of water are treated with a concentrated 
solution of sulphate of soda, they again become nsible, but api)ear in 
the form just described, distorted, angular, and jagged. (Fimke, 
Phtv IX, Fnj. 3. ) Piute IIL Fif/. 2, below to the right. 

Caustic alkalies and many of the organic acids, such as acetic 
acid, distend the corpuscle, altering its shape, and destro}ing it 
more or h*ss rapidly. 

'J'he organic colouring-matter, which forms the chief contents of 
the red corpuscles, can be made to assume a crystalline form when 
the blood is subjected to certain sim})le external influences. Fmike 
has given it the name of ha?mato-crystalline. (Funke, PMc X. 
Fijjs. 1-0.) 

B. 7r'.v/.Y. — In most cases the blood-corjmscles found in urine | 
which contains blood do not present their normal fonn. If the 
urine be acid, they may retain their shape for a tolerably long time, 
being only a little jagged at their borders ; usually, however, they 
arc distended and of a spherical form. Their colour is lighter than 
natural ; they still present a well-defined contour, but they no longer 
adhere together in nunnnnlar masses. These chaiigcs are of the 
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kind as those describwl above, and are lo be attributed to the 
on of the wiilerv &iid saline constituents of the urine. Plate J. 

6. Plalf.ni.Fig.\. 
Vlicn the quautitv of blood is small the urine containing it is left 
for Boinc time in a conic id- shaped test-glass. The blood- 
nni deposited at the bottom of tlie glass (iu the apex of the 
:)» aiid the presence of the blood may be generally at once 
igntM^ with the naked eye. The clear-filtered urine, if blood be 
BDt in it, nill also be found to contain albumen. (Sect. xis. 
Tc»UfaT Aiduniffn.) 
IS the inicroseoi»e ftiils to discover blood- corpuscles or their rudi- 
Bts, chemistry mnat be appealed to, but it, unfortunately, caimot 
: vs much assistance. K the blood-corjiuscles are destroyed or 
oWed, they nimally give the urine a re<ldish-broirD colour ; and 
Otine is rendered albuminous by the presence of the blood. On 
efullr addiug acetic ncid to such unnc and beating it, we obtain 
eddish-browD eoagulum, which becomea almost black when dried, 
ooagulum, when dried and [jowdtTcd, and treated with alcohol 
uning sulphuric acid, imparts lo the fluid a n>ddish or reddish- 
11 colour, if hrcmatine be present in it ; and the mixture evapo- 
l and heated lo rcdneas leaves an ash which contains iron. 
Utough iron way exist in healthy urine, its presence in the dilute 
ohoUc solution, above mentioned, must always be considered aa 
ticativc of blood in the urine, especially if there are other co- 
sting signs of the presence of blood in that iluid. Iron, however, 
loincd directly from tlie ash of urine must never be considered as 
of the presence of blood in the urine. 

r, ia teiting fur hieraatine, bails tlic uriDC, aad tbuo adds to it con- 
llisttd oBiutiu-poIsBh. Any albumen whick may have beeo prccijiitated 
di«BuW«<), and if tiiEmiitime is present, the fluid becomes uf a buttle- 
On further boiling, and shaiting tbe mixture, the esirthy phosphntes 
I ptBcipitated. carrying duwn with lliem th« hu'matine, and somoiimes 
itBO ■ bruwuiah-ied, or a biood-rcd, and oftoa by dicbruiHOi yield b 
at oulour to traaamiCted ray* nt light. 
Aoenrdiiig tu HoUct, the reaction is more aerlnin when tbe oolouriiig- 
tl«r of the blood is partially ducompoied and bos lust its red oulour (?). 
tlta phospliatic ooagulnm happens to be ooluured by rbubnrb, senna, 
Itoainc. &c., and nut by bu'inaljoe, we eball find tbat it becomes violet 
■r it hu stood some tine in the air, and that it is not rendered didhroisUo 
potuh lik« the precipitated biEmatinc-eoii^luiii. 
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SECriOX XLIV. 

Pus. 

The only sure proof of the presence of pus in the urine is ob- 
tained througli the microscope. Chemistry agists us here even less 
than in the case of blood in the urine. 

A. Microscojjic characters, — Normal pus-corpuscles appear under 
the microsco])e as rounds pale^ indistinctly granular vesicles of \'arious 
sizes. A distinct nucleus is usually visible in them ; it is^ in most 
cases^ simple^ and in others spUt up and imperfect. All the cor- 
puscles do not possess a well-marked contour; in some of them the 
outline is indistinct^ as if it had been washed out. 

1. Pus-corpuscles acted on by water, — When fresh pus is mixed 
with a good deal of distilled water^ the corpuscles soon become pale 
and swollen^ and their borders thin ; their granular surface generally 
disappears, the nuclei come prominently into view, and a few 
small, dark, point-like granules become visible. These changes 
may be very readily and satisfactorily studied by observation of the 
corpuscles of the mucous membrane of the mouth ; the simple, and 
in most cases lenticular nucleus of these corj)uscles is very 
distinctly seen when water is added to them. (Funke, Plate IX, 
Fig. 4.) 

2. Pits-corpuscles acted on hy acetic add, — Under the action of 
dilute acetic acid or of any other organic acid, or very dilute mineral 
acids, the pus-corpuscles swell up, sometimes becoming twice as 
large as natural ; their surface loses its granular aspect, their walls 
become extremely hyaline and often burst; the jagged and torn 
remains of them being here and there visible in the field of the 
microscope, with the aid of a good light. The nuclei previously 
observed now come prominently into notice, varying both in form 
and in number; in j)art they appear round, oval, lenticular, or 
horse-shoe shape ; and in part, again, made up of two, three, or 
more j)arts in different groups, as if from the splitting up of the 
simple nucleus. (Funke, Plate II, Fig, 3, Plate Till, Fig, 6.) 
Plate III, Fig, 3, upper half. 

3. Causfic alkalis rapidly destroy pus-corpuscles; they do not, 
however, wholly dissolve them. The corpuscles often remain visible 
for a short time, but disappear on the addition of water, leaving a 
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itinoas kintl of reaidiiej in wMcli a few single poiula may be more 
ess rcadil^T recognised. 

I. 7V«£>. — We must trust almost wholly to the microscope in 
rching for pus in the urine; cheraiatry gives us very little assiat- 
B in distinguisliing its characters. The appearance of pus under 
microscope lias been described above. The corpuscles of pus 
dtstiuguished from blood-corpuscles chiefly by their behaviour 
!D treated with acetic acid, and also by their granular surface. 
late I. Fig. 6. PlaU 11. Fig. 3.) 

'us soon sinks to the bottom io acid urine, which is left at rest, and 
n the supernatant urine is removed by a pipette, may be collected 
I subjected to microscopical eiamination. Blood-corpuscles are 
onfrequeully mixed with purulent sediments, and may be recog- 
ed by their red colour, or still more surely by the microscope. In 
bei case| the clear, tillered urine will contain albumen (Sect, xix., c). 
alkaline urine pus undergoes essential changes, which are of par- 
ilar interest, by reason of the fact, that alkaline urine is often 
tcoated containing a considerable quantity of pus, in cases of 
itfrli of the bkdder, &c. 

Alkalies convert pus into a muco-gclatinoua mass, which adheres 
the side of the vessel, exhibits no pus-corpuscles under the micro- 
ipc and may be readily taken for mucus. In most cases, how- 
in addition to this tough mass, pus-cells may be found suspended 
the orine, if it be examined soon after it is passed. 
Pus may he readily distinguished from mucus by tliis behaviour 
der the action of alkalies. The sediment in question is treated 
Ih coDceotrated caustic-potash ; if it consist of pus, the gelatinous 
above described is formed, and if of mucus, a thin fiocculent fluid. 
lonji6's Test for Pus.) 

Aa the serum of pus contains albumen, albumen b always present 
Jirine, which contains pus; consequently, we can always form an 
proiicnate estimate of the quantity of jms from the omouut of 
inmcn in the filtered urine — provided, of course, there is no co- 
IBtiiig albuminuria. Tiie presence of blood hi the urine must 
D be token into consideration, as a source of part of the albumen 
in the urine. 
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SECTION XLY. 

Urinary C.ssts or CvuNDEns. 

In many disease?, and cs))ecially in Bright's disease of the kid- 
neys, peculiar tubular or cylindrical bodies are found in the sedi- 
ment of the urine. These bodies have long been the subject of in- 
vesticration. Thcv differ somewhat in their structure, and liavc 
consequently been divided by Lehmann into three different kinds:— 

1. Cylinders, which appear to be formed of the epithelial covering 
of the tubules of the kidney ; these are found in almost all eases of 
inflauimatorv irritation of the kidnevs, and form rejrular cvlinders 
around which small cells and cell-nuclei appear grouped, somewhat 
in the form of a honeycomb. (Plafe L Fig. 4.) 

2. Cylinders which nj)poar to have been formed from exudation 
effused into the tulniies of the kidnev, whose form thev retain. 
These cylinders consist of small granular rods, which are frequently 
garnished with blood- and pus-corpuscles. They seem to consist of 
fibrine, for they readily dissolve in alkalies, — ^the blood- and pus- 
eorpusclos, which they enclose being also thereby partly destroyed, and 
partly loft in sus])ension in the fluid. They are always present in 
l^riglit's disease. (Frerichs, Die Brigbfsclw Krankhcil. Plate L 
Fig. G.) 

3. Lastlv, we sometimes meet with cvlinders which are hollow, 
and possess hyaline walls of so fine a structure that it is with 
difficulty tliey can be distinguished from the surrounding fluid, 
'i'hese often ajipnar collapsed, and in folds, or as if twisted around 
Uir-ir own axis. In tlic chronic form of Bright's disease they only 
jippoar singly. (Lehmaim.) Plate L Fig. 5. 

Trafji. — To demonstrate the presence of these bodies, the urine, 
wlnVh is in most cases highly charged with albumen, is allowed to 
stand for some hours in a conical glass. Tlie sediment which forms 
is gcMicrally white and flaky, or if other substances are i)resent., mav 
consist of a thickish mass. In this sediment, examined with a 180 
to 200 inngnifving j)ower, \\\q presem-e of the casts, fro., is readilv 
ascertained. Sometimes, indeed, the hyaline cylinders (described at 
*\) may escape observation, but they are at once rendered visible bv 
the adchtioTi of a solution of iodine in iodide of potussium, which mra 




SPERMATOZOA. 



Uinn a vellow colour. Wlien, as often liappens, only a few cjlindeni 
«re present, different specimens must, be prepared and carefully 
rxamined. Fat, pu?, epithelium, l)lood, &c., frpquently co-exist 
with the cylinders in tliese sediments. 

Care should be token not to mistake the coagulated mncos 
, in acid urine (described in Section xui.), which is often found mixed 
I up with urate of soda, for granular urinary casts. {Plate U, Fig. 2.) 
See MucDS, Sect. lui. 

Cancer and tuhercle are described elsewhere. 



8ECTI0X XLTI. 



Speematozoa. 



Spermatozoa appear nndcr the microscope aa elements oi 
^>hencal, or of nearly a spherical form, having a well-defined tail, 
wbirb 19 generally pointed, varies in length, and is capable of spon- 
taneoas motion. We find them in the urine after coitus, &c. j and 
the]" have also been frequently noticed in the urine of patients auiTer- 
mg from typlms. 

The form of these spermatozoa is so characteristic, that they cart- 
not po.«»ibly be confounded with any other microscopic objects. 
They are also very indestructible, a fact wliich much assists us in 
the diagnosis of semen in the urine. The urine is allowed to ^tand 
at rpst for some hours in a conical -shaped glass, so that the spertna- 
ttnoa may be separated, and sink to the bottom with the flocculi of 
naciv. The greater part of the snpernatant fluid is then carefully 
ponml off, and n drop of the sediment from the ver^' bottom of the 
glaas placed under the microscope. If the little thready bodies of 
tpermatozoa are present, they are at once recognised by their 
tidpolc-like form, nbove described. A magnifying power of 300 to 
400 diameters is requisite for the purpose. In pure water, as well 
IB in urine, pspccially if it be verj- acid or alkaline, they soon lose 
their movements ; they also often undergo a peculiar change of form, 
Ibc hinder [lart of the tail being curved round towards the fore part, 
rad spirally rolled up. The observation of IrflimaTin is worthy of 
note, Tiat., that nrine which contains semen very readily beeomea 
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section xlvii. 
Fungi, — Infusoria. 

Fungi aiid Infusoria are always found, microscopically, in urine 
wliicli lias stood for some time. They are also sometimes present in 
urine which has undergone decomposition witliin the bladder, as for 
instance, in cases of catarrh of its mucous membrane. 

The infusoria are generally very small, and most frequently appear as 
point-like monads, or as a string of po4irls or branched vibrios. At the 
commencement of the decomposition of the urine only few vibrios arc 
observed, but as the process advances they become more numerous, 
collect on the surface, and mixed with triple-phosphates and fungiform 
a pellicle, which breaks up, and finally sinks to the bottom. Dr. Hassal 
noticed a second kind of infusoria in the urine, the Both vrinariM; 
those which were alive and in motion were oval and round, j^' long, 
and ^-' broad, granular and like mucus-corpuscles. They were 
often broader at one; end, and furnished at different points with 
one or more, generally two or three, threads or ciliie. They multiplied 
by division. Dr. Ilassal considered them to bear a close resem- 
blance to the Bodo intestinalis of Ehrenberg. They most commonly 
are met with in albuminous urine associated with vibrios. The 
species of fungus most frequently met with is the urine-fermentation 
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alkaline, and that in its mucous sediment, peculiar, fine, lamelliir- 
like, and very transparent, spots are to be found, although veiy few 
spermatozoa are visible. 

Clemens has frequently noticed the passing away with the urine of im- 
perfectly- formed semen ; the spermatozoa lying in the cells and adhering by 
their head and tail to the envelope ; the tails seldom showed any signs of 
motion, which only takes place in perfectly-formed semen. Besides these 
spermatic cells, Clemens often observed in the urine of patients snfferiog 
from spermatorrhoea, roundish cells of 0*0033 to 0*005^ diameter, filled with 
fine granules, which lay for the most part on one side of the oelL These 
cells are in reality the mother-cells of the spermatozoa. Such elementaiy 
bodies are generally found in the last drop of urine of patients who 
have been much depressed by loss of semen, and also in typhus-fever 
patients. (Canstatt's Jahiesbcricht, 1S60, p. 285.) 
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having the form of rouiicliah, or oval nudwitcd cells, wlik-li 

out of the decomposed mucus. These mUb exist singlj, 

SMociated together in rows and groups. {Plate II. Fi^t. £ 

;) They are frequently, in advanced stages of the urine-fer- 

ion, mixed vith the sediments of urate of soda, free uric acid 

Ic of lime, 
fungoid cellules, formed during the fennentation of diabetic 
arc oval, transparent, and considerably lai^er than those above 
and in their form and mode of development correspond 
htbe ordinary jeast-plant. Their usual form is oblong, occa- 
it is round, their size is variable ; 
im have a distinct round nucleus, Via 2. 

ofl«n looks hke a hole. Together 
I, threads of confervEe are formed, 
ig sporuics which arc forked 
branched; and when the urine hai 
stood for some time, they often form i 
dense confused mass, which occupies the 
whole field of the object-glass. Dr. 
Ha^al has found, besides these, other 
Itu^;as-fonns in alkaline urine which con- 
taiiM albumen. 

Suvinic have lately been found by Dr. P. Munk in the urine of a 
auo 43 years old. The freshly-passed urine had constantly an 
ilkatine leaction, was thick, aud slightly albuminous. Numerous 
wfaito transparent bundles of sarcinro, somewhat rounded at the 
eot nc rg, were seen under the microscope, together with epithelio, a 
ftnr blood-corpuscles, pus-cells, vibrios, and triple-pliosphat£S. The 
mmfi depodted, on standing, an abundant whitish sediment con- 
Wting chiefly of sorcinee and the other p,^ ^ 

■■Iwtaaccs above named. During May 
md June this sediment formed from , 
to ^ put in the whole of the urine passed 
dnnDg £4 hours, and collected in a glass. 
In antami) the sarcinK decreased considcr- 
lAAj, and almost vauishoil in October. 

Dr. Munk found iu the oriuc single 
HTciiia;, ami also bnndies coti taint ng 
8, 64, and 612 sarcins. (Fig. S.) He 
abo observed massca which rcsultnl from 
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the breaking-up of tlie large bundles. Single sarcuue were in 
size from 0-0008 to 0*0016 MM. ; the bundles of 8 sarcinae had 
a breadth of 0*0016 to 0*0034 MM.; those of 64 a breadth of 
0*0032 to 0*006 MM.; those of 512 a breadth of 0*008 to 
0*012 MM. The sarcimie of the uriue are therefore much 
smaller tlian the sarcinae found in the stomach. The peculiar form 
of sarcinjc, as described by Virchow, was distinctly recognised in 
the bundles and especially when the objects were rolled over under 
the microscope. Neither tables nor plates were seen. The reaction 
of the urine appeared to have no influence over the development 
of the sarciiia) ; in this case it was always alkaline ; in the case 
observed by Welka it was sometimes acid, and occasionally neutral. 
{Archie f. Path.Amtom. «. Pij/sioL, Vol. xxii,, p. 570.) 



section xlvui. 

Occasional Constitueni's of the Ubine. 

Under tliis head are to be considered the changes which substances 
undergo in their passage from the blood into the urine. The im- 
portance of the study of these changes is evident enough. It opens 
to us an insight into the manifold metamor))hoses, to which the 
materials that form the body are subjected, and into the mechanism 
of the animal body. A very extensive series of investigations, 
followed out into their smallest particulars, would, however, be 
necessary to enable us to arrive, in this way, at any useful and 
general conclusions. The most satisfactory way of proceeding is, 
therefore, to observe the result;* which follow when organic sub- 
stances — whose chemical composition is thorouglily knowu, and 
whose products of decomposition have been closely investigiited — are 
introduced into the body ; from a consideration of the changes which 
these undergo in the body, we may arrive at conclusions concern- 
ing the chemical forces which are in action there, and which more 
especially preside over the organic metamorphoses going on in the 
blood. Of oxidising agents permanganate of potash is the most 
»erviceable in such investigations, for its action on the bodies in 
question is particularly well marked, aud^ moreover, the oxidation goes 
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on ta tbe bluwl just sj it does in an alkaline solution. Tlius by ihv 
Mtiuo of pcruiitu^utite uf {luliish the s;tiue prixlucts have beeu 
«»h*«inrd from uric HL-id as are geuerated iu the body nhea Ihb 
nspintioti is aormal or more or leaa disturbed : viz., caibutiic acid 
•Bd area, or curfaouiu ucid, oxalic acid and ureu, or, lastly, ^autoiiic, 
eubonic ncid, uialic acid, &iid urea.* 

A furtlitr illustration of the tsct is f^iveu by guoiiini'. Gunuiue 
ntigdoird into the body ia in gri;at port converted into carbonic 
add ttud un-a ; and the same biniics (tog«(ther with oxidic acid and 
OKygoaoiuti (?) uuty be obtained from guanine hy the action of per- 
■nngajule of [jotaah. 

Wdhlcr, assisted by Frerichs, vroa the lirst peraon who worked oat 
tbis subject, and ibe rt^sults of Ikis investigalious are given at Length ' 
in Uic danai. d. CAeM. u. Fharm., YoL kv., p. 335. ZelUchriJt 
JBf I'iftioliijfie, "Vol. Ixv., p. 305, 

The following facts must be premised, beftffc we proceed to the 
ooiuider&tias of these accidtuitnl subistauccs. i 

It is evident, as a rule, that oiily those substances can puss ua- 
etuDged into the urine which, in the tint place, do not serve for 
nauition, and which, jtecondly, are soluble in water, and have no 
tefuhnicy to fomi insoluble conipounds with the organic or inorganic 
BMtcmls of the body. Consequently, the most soluble of the alkii- 
linv sails will readily p^a into and be found mich^inged iu the urine. 
If ajpiu we take lutu the body a substance whieh is not oxidised, 
but wliich lus a teudeucy to uiidcrgo uxidution, we shall tind it 
^uu iu the urine in an oxidised state. Sulphide uf suilium, which 
tinta passes into the urine iu the sUite uf sulphate of soda, is au 
of this. All substances, however, which form, with the 
natters of the body, couipouuds that are insoluble, or di 
enlt of solution, sDch, fcH* example, us most uf the metals form with 
protciiie-bodio!<, only reappear in the urine n hen they have beeu t;ikcQ 
in Urge qiumtities — a fact pointed out by Orlila. 

Moreover we lind that many organic substaucea undergo the same 

in their passage through the body, as they may be ortilieially 

undergo out of the body. Others, again, become so com- 

oxidised, that it is not possible to find cither ihem or llu! i 

uf their decomposition iu the urine. There are, on the 

s wo haT* atreodj' mvotioned, fooail nllantoiDU la Uiu luiait 
ih« ifvi>traliuo Wi» imjicJiid, 
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viotii give off oxygen aod appear in 
tbenriaein* lover )tage of o ridninB. 

I^>Ut, we hxn lo cotader Uw length of time required bj anv 
sdMUooe U> pMB iito the nnse. We iad «sa rale, that sabstattca 
m^ of solution an qdddf sq«n(l«d from the bodr willi the luiiw. 
"Oitn mpfem, howercr, to be uk diflcxenrc in individuals in this 
respect. Thus, Lehmanii, for trntance, has (rfmerved, that not a trace 
of iodine could be foond in the tuine of wrcfal individuals, twenty- 
fonr hoars after tbc^ had tAken a doae of 10 grains of iodide of 
pcrtassiam, whilst in othen it was still present after an intcsnl ef 
thlce da ja. 

We have now to coudder the condiict of different substa 
the bodj -.— 

1. Ineryamie Compomndt. 
A. Sa/U of tkt heavy «kAi/«.— The sdta of the heavy metab 
form, with many animal gab»tances, and {Mitieulati; with protdnv- 
bodiea, compound? difficult of solution, conseqoently they only x^ 
pear in the mine when large qoantities of them have been introduced 
into the system. In this way, Orfila found antimony, arsenic, dnc, 
gold, silver, tin, lead, and bismuth in the urine after large dosee of 
the metallic salts had been taken ; but they could only he found in the 
Hver and its secretions, as well as in the solid excrement, when taken 
in relatirely small and ofl-repeat«d doses. Iron, when takeu inter- 
nally may be often immediately discovered in fresh orinc by the 
ordinary tests; but in other cases again it can only be found in small 
quantities in the ash of the residue of urine (Lehmann). 

To ascertain the presence of the heavy metals in urine, the process 
most be followed, which is employed injudicial cases, where salts are 
found mixed with organic matters. On this head, therefore, I shall 
refer the reader to Fresenius' Ixtroduclion to Qaalitatise AiuUytit, 
11th edition. 

Mercury. — Electrolysis has of late been frequently employed for 
detenniniug the presence of mercury in the urine; and on account of 
the importance of the subject, the process employed by Schneider is 
here described. Five grammes of chlorate of potash are dissolved in 
each litre of the urine to be tested, hydrochloric acid is added to impart 
a strong acid reaction, and the mixture then heated in a water-I^th. 
If a dark coloration should appear during the evajioration, a further 
quantity of the oxidising agent is added, and the heat continued, 
until, on testing a portion, it is found that on the addition of 
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fcydrocfaloiic acid, do bleaching actiou is exercised on the cototiring- 
Battels. There is, however, no advantage in continuing the evapo- 
tation of the urine until the salts crystallise, for the lluid becomes 
of ft dark colour when concentrated up to this point. Schneider 
■tiificd himself, hy repeated experiments, that highly concentrated 
■olntiiona do not serve well for the purpose of electrical anolysi 
Ib nost ca»es a large quantity of urine is required. 

Schnnder collected the whole of the urine passed during from 
flme to six days — 7 to 15 litres — and after the addition of potash 
ad hydrochloric acid, concentrated it to ( or j. For the electro- 
tjm of the urine thus prepared he mode use of a Smee'a battery of 
sz elements — a constant battery is equally serviceable — whose 
^■ade cotisists of a platinum plate four centimetres broad, and 
^^■IB cathode of gold wire one mtlhmetrc thick runs into a club- 
^^■■d thickened extremity two millimetres in diameter. In order 
^^HBt the separation of the mercury to the smallest possible surface, 
^^BBCtrolysis is conducted in a vessel of gR'ater breadth than height, 
^^^hetion is kept up for eighteen to twenty-four hours. For the 
^^H^ proof that mercury is present on the gold wire, at the con- 
^^Eb of the experiment, tlie following proceeding is resorted to. 
^^^■dUI wire is introduced into a carefully cleaned glass tube, drawn 
^^Ht one end into a hue capillary point, and then melted and closed 
^^Be other. The wide end of-the tube, containing the metal, is then 
^^Bd to ri-daess ; and if in the course of about five minutes a deposit 
^^ft place on the colder part of the tube, the deposit is then driven 
^^Btt towards the capillary end of the tube ; and the metal again 
^^Hd to sec if a new sublimate appears. The portion of the tube 
VfelBUDg the metal is now separated by fusion from the capillary 
pVtion so as to leave a short piece of the wider tube connected with 
(be capillary portion and forming a kind of bulbular expansion. 
When cool the bulb is opened by nipping oif the dniwn-out pointed 
extremity, so that a little iodine may be introduced into it by 
mcaus of a glass thread, and is then again closed up. Tbe 
iodiae-vapour rises up into the capillary portion of the lube, and 
dinppcws at the part where the mercury exists ; and then accord- 
ing to the quantity of iodine employed, brown, red, or yellow ringi 
l^pear. If the brown rings are carefully heated, iodine is driven o~ 
■odred rings of iodide of mercury remain. The red as well as the 
jdlov rings voUtilise when more strongly heated, but arc imme- 
dtatdy le-depoeited of a red colour, on a cooler port of the tube; 



er, Ikey take k jctlow hat. The yeUow rin^ coft- 
mti of prat- and mib-iodidF of nocoij ; they arue when Uie ^uantajF 
of the iodiiMr iatrodueod ti inmificinit (o form prot-iodide. On llw 
introdnctiun of uuiiiker txjUtl at iodiDC into the ca^]iiUnry tube and 
bating, the jcJlow rii^ an radii; connrted into red. The nd 
ei^stab spficar aadet the ancftiacope as rhombic octabcdra, with thtdr 
Ekx* oflen sopedmiKMed, » aa lo reseiuUe Uie tiaiXheiy fonns of 



No mercmy was discovered by elcclrolvais in tliree tnah, in whicii 
I tbe niinc contained much iodide of potassiuin, the urine having been 
oooMntnited to A after tbe adilition of chlorate of potash iutd hvdro- 
ehJuric acid. When, however, the oriue was treated with solpluuic 
acid containing nitrous ucid, and evaporated in a water-bath until 
the whole of the iodine was driven olT, the cathode showed distinct 
traces of mercurial ailvering, and subsequent testing by heat gave iba 
ntanife»t reaction of mercury. Consequently it id adi-isable that Uw 
Brine to be tested shonld be first of all freed bom an; iodine whidi 
it ma; contain. This may be readil; accomplished b; heating it iu 
a warm both after the graduul adihtiou of stdphuric add containing 
I aulphoroua acid. 

Kletsinsk; evaporates the urine (previously treated with chlorate 

\ of potash and hydrochloric aciJ) to dryness, and then openUcs 

npou the residue witli ether to separate the subhinate. This process, 

i according to Schneider, is not to be trusted, for the residue coulain* 

L the sublimate in union with the alkaline chlorides in the fonii of 

I a double salt. These double cuujpouuds are aJmost insoluble iu 

L-etiier, and consequently subiimutc cumiot be di;^solvcd by etliex out 

\ of the residue of evaporated urine, when completely dried. I will 

give [Schneider's results: — 1. The presence of mercury was not 

shown by eltxtrolysis in the urine of syphihtic patients, who had 

never been snbjected to mercuric treatmeut; i. Similar negative 

n'sulta were obtained on testing the uriue of persons who had been 

I previously treated with mercury. Tbe investigations were made m 

I cases in which the mercuriul treatment bud been employed 14 days, 

h 5 months, and 6 months previously ; S. Daring the internal use of 

I (he mercurial prejinrations the uriue always cuutained mercury ; 

. 4. The generally received opinion of theactionof iodide of potassium 

on the metals which are retained iu the body is by uu means at^ 

.ported by the ex{>eriiiients of Schneidu. 

I), Sulla of Iht Alkalies. — 1. Alkaline carbojutes always r 
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uriiie, althougli a portion o{ tliem is cloat)tla» i 
the free ncid of the gastric juicf. They render the 
laUicf neutral or ulkaliue. l''ree carbuuic acid, eiftrvtsciug 
bicarboDstes of the alkuliea occasion nu increased 
wptuntion of oxalate of Ume in the urine, the quantity of free car- 
Ikmuc add being at the same lime increusL-d in it. 

i. l^ie ammonia of ummuniaca! suUa passed for the most part oii- 
dtangcd into the urine. 1 iJcrfotuied some experiments on this 
point in a youtig mao, 2U years of sgej he parsed in H hours, 
MS an average of twelve experiments, 0*6137 gtnmme of ammt^iu, 
oorreqwnding witli 1*0305 grammes of sal-ainmouiac. 10 C%. of 
a Bolalio)), which iu the 10 C.C contained exactly 2 grammes of 
aal-unmoniac, were taken iu the eyeniug with a glass of water, the 
nrint! carefully collected for 24 hours, and then subjected to i 
BUiIy^. The experiments were carried on for 5 days, and during 
this lime 9-957 grammes of aal-ammouiac were secreted iu place of the 
10 grammes which had been taken. (See Joarn./'. Praci. CAeaiie, 
Vol. 64, page 281.) Whether or not a portion of the ammoniacal 
■alt a really converted into nitric acid iji the body, as a;jserted by 
Dr. Bencc Jones, is, at pn:3t:ut, undecided. 

I'bc objectious, however, taken by Lehmami to this opinioji are 
not well founded, fur sulphurous acid is not capable of decomposing i 
hydriodic acid, nor consequently of forming iodide of starch. lf> 
in tlie disldlatiou, we make use of oil of vitriol for the separation ' 
of any nitric ncid which may be accidentally present, we must pre- 
noosly free the sulphuric acid most carefully from the oitrugeu- ■ 
CoiDpoiuids, which are always present in it, and might, otherwise, 
oocaaion the nitric acid reaction. 

S. Fcrridcyanide of potassium appears again reduced to the slate 
of ferrocyauidc of potassium. 

♦. Rhodankalium passes rapidly into the urine, eveu when taken 
in small quuutities. 

5. Silicates, chlorates, and borates of the alkalies, when takeu, re- 
appear iu the urine. 

6. Iodide of potassium also passes into the urine, and may in most 
cnseit be readily diacovcR.d there by the starch-test. 

7. Sulphide of potassium npiwnrs in the urine partly in the form 
of a solpbale, and partly unchanged. 

c. Halit i/ f he Alkaline Earths. — 1. Soluble salts of baryta, when 
talcen in lolembly larjfe doies, may be found in the urine. j 
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2. Salts of magnesia and lime do not pass into the urine, or^ at 
least, only in very minute quantities. 

II. Organic Compounds. 

A. Free Organic Acids, — 

1. Organic acids, such as oxalic, citric, malic, tartaric, succinic, 
and gallic acids, when taken into the body in a free state, pass 
unchanged into the urine, according to Wohler. 

2. Acids of the Benzoic acid group. — ^The changes which the 
dafls of acids, comprised under the head of the benzoic acid group, 
undergoes in the body, are interesting. It has been long known, that 
benzoic acid, as well as cinnamic acid, when taken into the body, 
reappear as hippuric acid in the urine. In like manner nitro-benzoic 
acid passes into nitro-hippuric acid in the body, and is separated as 
such with the urine. Kraut and Bertagnini have also succeeded in 
showing similar changes in the passage of toluylic add and salicylic 
acid through the body. 

The decomposition is the same in the case of all these acids, two 
equivalents of water being separated, and the elements of glycocoU 
(C4 Hj N OJ taken up, as here shown : — 

(1) CuH.O, + C^H^NO,- 2H0 = C«H,N0, 
(Benzoic acid.) (Qlycocoll.) (Hippuric acid.) 

(2) CuHeO. + C,H,N0,-2II0 = C,,H,N0e 
(Salicylic acid.) (GlycocoU.) (Salicyluric acid.) 

(3) CeH^O^ + C.H^NO,- 2H0 = C«HuN0. 

(Toluylic acid.) (GlycocoU.) (Toluric acid.) 

^*^^NO:N* + C,H,Na-2H0 = ^];fg;JNO, 

(Nitrobenzoic acid.) (GlycocoU.) (Nitrohippuric acid.) 

In addition to these, benzoic ether also produces hippuric acid. 
Oil of bitter almonds again is probably in the first instance con- 
verted into benzoic acid, and as such passes into the condition of 
hippuric acid. Lastly, it may be observed that benzoic acid, when 
taken internally, has been found by Lehmann unchanged in the 
sweat. » 

llie other acids, which belong to the benzoic acid group, anisic 

acid, cumaric acid, and cuminic acid, appear, from experiments 

which have been made with them, to pass unchanged into the urine. 

The changes which cinnamic acid (Cu He Oj goes through in the 
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I7, ia ijassing iiito liippuric acid (C,_ II, N OJ, were for a long 
« not well uiiderstood, but later researches into the constitution 
ihis seid liave now explained tliem. Ciiiozza, in his study of the 
■nhj-drous acids, observed, that cinnamic acid was split up into 
acetic acid and benzoic acid by the action of caustic potash. 

C,.H,0, + 4H0 = C.n.O. + C,.H,0. + 2H 
(Citmaniic acid.) (Acetic acid.) (Benzoic acid.) 

Taking this fact as a foundation for his operations, Bertagnim 

tt«iiipt«l, and with happy results, the artificial formation of cin- 

acid, — premising that acetic acid and benzoic ncid, grouped 

pcording to their atomic conslitution, were present in it.^^lic 

imic add was prepared by the action of chloracetic acid on oil of 

r nlmonds at 120" to 130° C. {248^ to 266^ Fahr.). There 

therefore, be no doubt that cinnamic acid is also decomposed 

ftto acetic acid and benzoic acid within the body, and that the 

nisoic acid aubsequeotly appears iu the urine iu the form of 

ipptiric acid. 

Tlic interesting researches of Kiihne and Hallwachs prove, that 

be conversion of benzoic acid, &c., into hippuric acid, &c., ou!y 

Kikes place when bile-constituents (glycoeoU or glyeocholatc of soda) 

are preaent. I give from their work the following results : — 

a. Benzoic acid or benzoate of soda, injected into the jugular or 
the crural vein passed away in great part unchanged with the 
vrine. 

4. Benzoic acid taken by the mouth passed unchanged into the 
ine, when the secretion of the liver was cut off. 
r. The simultaneous injection of benzoic acid and bile, or glyco- 
ulate of soda, or pure glycocoll, into the blood, caused an abuu- 
lat seporstiou of hippuric acid with the urine. From this it 
lows, as might have been anticipated, that benzoic acid is only 
irerted into hippuric acid in the blood, when g[ycocolu[« of 
, or pure glycocoll, is present there. ITie last experiment 
'fbovs the possibility of the simple union of Iicnzoic acid with 
I ;^]rcocoll in the blood of the living body two etiuivalenls of water 
' ^KOCSBory for the formation of hipptiric acid) being scparakd. 
) S- Taonic acid is converted into gallic add, and again appears as 

4. Camphoric acid is separated unchanged with the urine. 

5. Uiio acid undei^;oes the same decompositions iu the body, ns 
'3X iloca when acted upon artificially by peroxide of Icid, or better 
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still, with perman.ffanate of potash. When the body is perfectly 
healthy, and the respiration undisturbed, the uric acid, by taking up 
four equivalents of water, and sis equivalents of oxygen, is in great 
part converted into urea and carbonic acid. 

When the respiration is more or less impeded, in fact, even during 
sleep, oxalic acid, and under certain circumstances allantoine also, 
appear in the urine, as well as urea and carbonic acid, as products 
of decomposition of uric acid. Stadeler and Frerichs indeed found 
allantoine present, when the respiration was artificially impeded. 

TTe may consequently assume that the following equations repre- 
sent eorrcctly the decomposition of uric acid : — 

1. Uric acid is decomposed by the addition of four equivalents of 
water, and six equivalents of oxvgen, into carbonic acid and urea : — 

C,„H»N,0, + 4110 +*60 = C^H^X.O. + 6C0, 
(2 Eq. Uric acid.) (2 Eq. Urea.) 

2. Uric acid, with the addition of four equivalents of water and 
four equivalents of oxygen, is converted into carlionic acid, oxalic 
acid, and urea : — j 

C,JiN,0, + 4HO + 40 = C,H,X,0, + 20.0, +2C0: i 
(2 Eq. Uric Acid.) (2 Eq. Urea.) (2 Eq. O.) ' 

3. Uric acid yields, with the addition of two equivalents of water 
and one equivalent of oxygen, allantoine and oxalic acid, which, by 
further oxidation, are also at last decomposed into urea and carbonic 
acid. I 

C.„H,X.Oe + 2H0 + O = C,H,N,0, + C^O, , 

(2 Eq. Uric Acid.) (2 Eq. Allantoine.) (O) ' 

0(C,0,) + = 2C0, I 

C^H^IS^O. + IIO + 20 = air.N^O, + 2C0, 
(I Eq. Allantoine.) (1 Eq. Urea.) 

B. SalU of the Organic Aclh, — Neutral organic salts of alkalies 
arc oxidised in the body, just the siimc as when they are burnt in 
oxygen. Thry appear in the urine as carbonates, rendering it 
alkaline, cffcTVCscing on the addition of acids, and causing a sepa- 
ration of the phosphatic earths. If they act as evacuants, or if 
tliev arc taken with much animal food, we find that, in the first case, 
the urine does not become alkaline, and, in the second, only slightly 
so. Other circumstances, and especially diseased conditions of the 
bodv, influence the ordinary action of these bodies. 

c. Organic Baurs- — 1. Quinine is readily found in the urine, when 
moderately large doses of it have been taken. According to Viale, 



ORGANIC BASES. 143 

nie aeid » ntnislnrntliy U^t of Uic presence of qniniiie io the 
Be. The precipitate thrown duvn b; tannic acid, when quinine 
■rcKiit, IK veT7 light, of a white colour, with a slight greenish lint. 
e precipital*' when treated with n solution of chlorine in watpr, 
•dditicm of nmtnonin, assumes the green colour characterielic of 
t» of quinine. Viale hsx in this wav succeeded in demonstrating 
> pirsenrc of qninine in the urine, in cases where only decoction of 
had been taken. {CimiarA. Piam. Cenlrbl. 185S, p. 160.) 
imeiitA on this point, made with rahhits, by my friend O. 
', show that the test is not always very distinctly marked, 
aoeoont of the presence of the extractive matter, &c., wM^ire 
dovn with the quinine. Kernrr, eonsequently, treated (he 
iptt4ite which was obtained by the tannic ncid, with railk of 
allowed it to stand for a time, then separated the precipitate, 
ind tSlei washing, exhausted it with ethereal spirits of wine. The % 
■ndne which remained, after the cvajioralion of tlie solution, 
Ami i1 most beautifully the quinine- react ion. 

The following is the process given by Herapalli for the same 
^olqect: Tlic urine ]s lirst of all rendered alkaline by pot.-ish, and 
riukni with ether, which takes up the qninine. Tlie ether is then 
kpontcil. A fluid test is prepared, consisting of three draclims 
of pore acetic acid, one drachm of rectified spirit, with sis drops of 
dOnta) sulphuric acid. Ouo drop of this mixture is placed on the 
otfject'glasx, and a little of thr ethereal residue added to it ; next, a | 
T«ry minote quantity of an alcoholic solution of iodine is brought 
into contact with it, by means of a capillary tnbc. If quinine is 
prcMrnt, a dnn am on-brown colour, occasioned by the formation of a 
conipoinid of iodine with quiniue, iuimndiatcly appears; after a time 
mlphatc of iodine and qninine, remarkable for il« polarisation 
pbenomcnn, is obtained, and may be recognised under the micro- 
•cope. ITie sulphate of iodine and quinine crystallises in extremely 
thin plates, which may be substituted for tourmaline plates, on 
■ceonut of their exceedingly powerfid polarising powers. Two 
pUles, as thin as gold-lcnf, as soon as they cross each other at 
right angles, prevent any light from passing through thrni. (Journ. 
/. pnel. Chmif, Bd. 61, p. 87.) 

£. "Hieine and tlieobrominc cannot lie discovered in the urine. 

3. Aniline also was not found in it by Wtihler. 

4. Alloxantine appears, according to Withler, lo be (le('omposcd 
Into UK* and other substances. 
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6. Allantoinc does not pass into (he urine, nedlher doea it caiiw 
in; incnase of the oxalate of lime, but is probably converted, irith 
the addition of two equivalents of oxygen, and one equivalent of 
water, into carbonic acid and urea. {See 11, a, 5.) 

6. Urea passes awaj- unchanged with the urine. 

7. Guanine causes a decided increase of urea, but when given in 
very la^e doses, paAsei away in port with the fieces. 

8. Leucine injected into the blood appears again, in part, in the 

• Amygdaline cannot be distinctly found again in the urine; but 
ine contains, according to Lelunann and Banke, an appreciable 
~ quantity of formic acid. 

10. Sahcine is decomposed, probably by oxidising agents; the 
urine contains hydride of ^alicyl, salicylic acid, saligenine, but 
neither sugar nor pheujlic acid. 

D. Colouring and odor^erous vtatlerii. — Most of these matlen 
I>ass unchanged, or only very slightly modified, into the urine. 
Wiihler found in it the pigment-matter of indigo, madder, gamb*^, 
rhubarb, logwood, rape, and bilberries; and besides these, 'Cut 
odours of valerian, garlick, assafostido, eastoreum, saffron, and 
turpentine. He did not find in it camphor, resin, empyieumatie 
oil, musk, alcohol, ether, lac red litmna, chlorophyll, and alkani 
colouriog-matlLT. 
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SBCnON xux. 

Quantitative Analysis. 

<he preceding part I have spoken of the chemical and phy- 
•KiJ diaiactcrs of the different coostitueiita of the urine, whereby 
■we ftre enabled to test the quality of the urine in the normal and 
jibnormal conditions of the body, 1 now proceed to the couaidera- 
tioo of the analytical mclhoda at present employed in animal 
chemiatry for tJie purpose of ascertaining the quantities of the 
different constituents present in the urine, llie employment of the 
Tolumetrical method of analysis is of great value in all kinds of 
chcTnieal investigations, but most especially in the analysis of the 
lainc. It is only by this method that the practical physician is 
mbled in a short time to test, quantitatively, many of the constituents 
of the urine. I have, consequently, given especial attentioa to the 
desmption of this method of analysis. 



SBCTIOS L. 

GENERAL BEMARKS. 

SmJUHSATIOX OF THE QUANTITr OF URINE I'ASSKlt IN A OIVKN 
TlUK, 

It must be underBlood, that tlie dctcrroinnlLon of the quaulitj of 
nine passed in a given time forms tlic basis of nil other quantitative 
ioTCMigations, and must thorcfore in no case be overlooked. Con- 
Mqucntly, in all analyses of the urine, the quantity of the fluid 
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and the time during which it is collected, most be taken into 
consideration. The quantity can be detennined either by weight 
or measure; but measure is almost invariably employed for the 
purpose. 

The cubic centimetre serves us as a standard of unity; one 
thousand cubic centimetres being equal to a litre, and one litre 
to a thousand granmies of water. When we have learnt the 
specific gravity of urine, whose quantity has been ascertained, we 
may readily arrive at a knowledge of its weight, by simply multi- 
plying the number of ascertained cubic centimetres by the specific 
gravity of the urine. Thus 1000 C. C. of urine of 1*030 sp. gr. 
will weigh 1030 grammes. (For the determination of the specific 
gravity, see Sect u., 1.) 

The urine is measured by means of graduated glass cylinders, with 
several of which of different sizes it is necessary that the operator 
should be provided. 

1. For determining the quantity of urine passed in twenty-four 
hours a measure is required, which wiQ hold at least 2000 G. C. 
(2 litres) ; and this measure should be divided into parts containing 
100 C. C. each. Such a measure is readily made, by pouring 100 
grammes of water, carefully weighed, into a glass vessel of sufficient 
size, and marking the height at which the fluid stands with a file or 
a diamond ; then weighing and adding another 100 grammes, and 
again marking the height, and so on, until the whole glass is gra- 
duated up to 2000 or 3000 C. C. This vessel may be used for the 
collection of the urine passed in twenty-four hours ; it must, how- 
ever, be carefully closed with a glass cover, around which a little 
lard, or what is better, a little wax, has been smeared, and kept in a 
cool place. The object of this is, in the first place, to prevent any 
evaporation of the water, and in the second, not to encourage the 
decomposition of the urine by warmth. 

In using this vessel it is necessary to read oJBf the quantity 
between each 100 C. C, which may occasion an error of 10 to 20 C.C. 
To prevent this, the urine must be put into another vessel, and then 
poured into the graduated vessel until it is filled up exactly to one 
of the marks; the remainder, a fraction of 100 C.C, must then 
be measured in a fine graduated cylinder. 

2. For determining the quantity of urine passed in a shorter, but 
given time, finely gradulated cylinders (see Fig. 4) are required. 
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Slbould contom rrom 300 to 350 CC, au<l 

't be Bobdivided iuto single C. C. In this way 

ley serve for the exact determination of the quan- 

tj of urine passed during each hour. 

The first or the second of these methods of 

oUecting the urine will be adopted according to 

! p&rticuhir object of the investigation ; but it 

ij be observed, that the collection of the urine, 

daring the tweutj-fout hours, is most 

hpted for demonstrating extensive and clironic 

Ibtrations in the secretion of urine; conse- 

pently the twenty-four hours' collected urine ia generally employed 

the analysis of the urine of the sick. The analysis of urine, 

lowever, which is passed at shorter intervals, enables us to seize 

au temporary alterations of the secretion, and must necessarily 

resorted to in tlie study of tlie action of those bodies which are 

■lijr to be found temporarily in the secretion. (Vogel, Archiv J'Ur 

^iMncA^Hiie Heilkiiade. Gottingen, Heft. 1, p. 105.) 

It must also be observed, that in all analyses of the urine, where 
mean estimate of the contents is required, it is necessary to collect 
\A analyse the urine passed during several consecutive days. From 
le ruolte thus obtained the average may be estimated. (As to the 
[luntitj' of urine passed during twenty-four hours under different 
ircumstances, see Vogcl's work above cited in Arckiv, &e.) 
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Specific Geavity. 



1. Specific Granllif taken by the Urinometer. — We can obtain only 

approxiioative knowledge of the true specific gravity of the urine 

liie aid of the urinometer. Tins instrument is, nevertheless, well 

dopted for the pnqioses of the practical physician. A special inatni- 

lent, called the Urinometer, has been constructed for the det^nuina- 

of the specific gravity of the urine, of a character sioiilar to 

I employed for determining the specific gravity of aloobol. 



DRYING THE RESIDUE 




Cravly tli.it quaalilv, upou the ghisa fmgmcnts in tlie poicdi&l 
t. Thi> bout is theu carefully introiIuMd into the tube, B B, 
kivh ia ftlroadj' conoocted with OhsIc, D. The flask, I), con- 
,111* 10 <'. {'. uf otitnOunl sulphuric acid, and is brought into con- 
(<%i^ with tbu aspinitur, K. The glass tube is tbcu carcfull]' 
Jipt'wl iitlu tlu' tit) {U^Mi iusiile the vattir-liatli, and the other eai d 
U vhuMl with llif chlontli^ of c&lciam tube, F,— the glass tube being 
tily Killi th« left haud whilst the cork is presses] in with tie 
fim i\w Wtlcr ill A UiiUi the cuck of the aspirator is ope 
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tt having been previously ascertained that the apparatus is |jerfecUy 
ir-tiglit), and the water allowed to How out in such quantity as 
D CKOse the air which is dried in Y to pass up, bubble by bubble, 
hrDugh the sulphuric acid in D. 
lu this way the urine is completely evaporated in n thoroughly dry 
;mo!'pliere at 100" C. (212^ I'ahr.), The evaporation is completed 
I three quarters of an hour, but as the urine-residue tenaciously re- 
link aome water, it is necessary to continue the heat a short 
tme longer. The glass fragments greatly promote the desicca- 
Son, which may be considered as complete in about three hoars. The 
■urent of air is then cut off, the chloride of calcium tube removed, 
le gloss tube drawn out of the waler-bath, and the porcelain boat 
gain slipped into the tube in which it was weighed before the 
siccation, and at once closely corked-up. When thoroughly cooled 
tbe eisiccator (Fig. 11) the tube is weighed. The product gives 
e amotint, thus directly obtained), of the residue of 2 0. C. of urine. 
We neat ascertain the quantity of ammonia which has been 
vlved. The carbonate of ammonia, which in most cases is sub- 
io the tube that carries off the vapour, is washed into the flask, 
ii mk removed, and the bent limb of the tube which dips into the 
: tlso washed by means of a syringe. One or two drops of tinc- 
of litmus are then added, the contents of the flask heated to 
■Hng, in order to drive off the carbonic acid, and the acid, which is 
yet saturated, treated with standard solution of caustic soda. We 
then at once reckon the quantity of urea by the amount of caustic 
1 employed. This quautity added to the sum of urine-residne, 
nctly obtained, gives the entire quantity of solid constituents con- 
ined in the urine. 

Hie standard sulphuric acid used for this purpose contains 2'667 

Bmmes of sulphuric acid iu a Htrc. Consetiuently I C. C. of it 

iD be saturated by 0-0011335 gramme of ammonia, which corre- 

ponds with 0-0(I2 gramme of urea. If then to this sulphuric acid 

untie soda be added, of such strength that 1 C. C. of the sulphuric 

eid suflices for the enact saturation of 2 C, C. of the soda, each 

ibic centimetre of the soda, less than twenty, which has been used 

flie saturation of 10 C.C. of sulphuric acid, will correspond with 

[ftctly one milligramme of urea. For example : — 

The 2 0. C. of urine in the porcelain boat yielded 0"10 gramme of 

did residue. At the end of the process 10 C, C. of sulphuric acid 

iployed required 16 C C. of caustic soda ; consequently 4 C. C. have 
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of tlie mine. Bj dmding its absofaite weight Oms naoegtmoi, by 
the known weight of the distiDed water, we obtain as quotient the 
specific gra¥itv. If for example : — 

The bottle filled with distilled water weighs 80 grammes, 

and the empty bottle weighs 30 grammes, 
the bottle contains of water 50 grammes. 
If the bottle filled with mine weighs 81*2 grammes^ 
and the empty bottle weighs 30*0 grammes, 
the bottle will contain of mine 51*2 grammes. 
The sp. gr. of water = 1*000. 
Hence we have the equation : 
50 : 51*2 = 1*000 (sp. gr. of water) : : x (sp. gr. of urine). 

51*2 + 1*000 
50 



Fig. 6. 



= 1024. 




Instead of an ordinary bottle, we may more 
advantageously make use of a piknometer ar- 
ranged for the purpose (Fig. 6). This kind of 
bottle is easily weighed, contains a tolerably 
large quantity of fluid, and does not permit of 
any air-bubbles being enclosed in it, the air 
escaping through the fine capillary canal of the 
glass tube which is inserted into the bottle. A 
well-made piknometer also contains in this tube 
a small thermometer, which allows the tempera- 
ture to be ascertained at the same time. The 
method of using it is the same as that above 
described ; the weight of distilled water which 
the piknometer will contain having been defini- 
tively ascertained. 



section lii. 

Determination op the Quantity of the Water and of the 
Soluble Substances in the Urine. 

1. We have many difficulties to encounter in determining the 
amount of solid residue of urine, arising from the ready decomposi- 
tion of the fluid, and also firom the extremely hygroscopic character 
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of its residue. The firet or the second of the following inelhods 
may be adopU'd, according as grealer or less accuracy is required in 
the analysts. 

1. 10 to 15 grammes or cubic centimetres of urine arc weighed or 
measured in a smallish porcelain crucible (Fig. 7), which has been 
carefully weighed, and is covered with a lid, and are then evaporated 
to dryness in a water-bath. Instead of a crucible, a small gloas cup 
(Kg. 8), haring a ground border, and which is capable of being 
f "»■ '■ ?m. e. 
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Wmdicslly closed by a flat plate of glass, may be advantageously 
fraployed. Of course, the solid residae most not be raised to a 
mi-hcat in this vessel. (Sect. Liii.) 

KgTire D represents a water-bath suitable for the purpose of 
carrying on eraporation. It is formed of 
strong copper-plate, and when used ia half- 
fiDed with water, which is boiled by means 
of a small spirit-lamp. In order to carry 
on evaporations in cups and crucibles of 
dtficrent sizes, rings of corres|)onding sizes 
may be laid upon this copper-bath. It has 
from a to 6 & width of from four to six inches. 

The residue thus obtained is not entirely deprived of water, and 
most therefore be atill further dried, at a temperature of 100^ 
C. (212- Fahr.) For this purpose an air-bath of tlie kind here 
represented (Fig. 10) may be used. On the wire-stand, e, the 
crucible containing the residue of the evaporation is placed, and the 
apparatus ia then heated beneath by a small spirit-lamp. The tciii- 
peratnre is determined by means of a thermometer, d, wluch is 
introduced through c by means of a cork, and may be easily main- 
tained at nearly a constant rate. 

When the residue of the urine has been thus dried for half-au-hour, 




DRYING THE BESIDUB'' 
hour, the crucible is covered with it? lid, and aUowed to cool iu 
lontaining concentrated sulpliuric add. If allowed to cool 

Fw. 10. 
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ia the air, the contents of the crucible would rapidly re-abBorb moil- 
tnre from the air. Figure 11 shows an apparatus adapted for tbia 
purpose. The cracible is placed upon lead wire, d, raised above the 
acid ; and the vessel is then hermetically closed with a well-fittiiig 
glass plate, greased at the borders. From this vessel the crucible ii 
removed, and immediately weighed. It is then once again O* 
posed to a temperature of 100° C. {212° Fahr.), and weighed • 
second time, and if it has not lost anything more in weight the 
operation may be considered as complete. The quantity of soliil 
residue contained in ilie whole quantity of urine, may now be ascer- 
tained by deducting the weight of the crucible. 

If, further, the weight of the residue is subtracted from that of 
the whole quantity of urine operated upon, we obtain the amount 
of evaporated water. 

For example : — 

I. The quantity ofuririe passed in twenfy-four hours ^=1 000 C.C 
of 1'024 sp. gr. 10 C. C. are evaporated to dryness, and the 
dried at 100" C. (212" Fahr.). 

Tlie crucible with the residue = 24"5S0 grammes. 

The crucible only = 24*350 grammes. 

The residue = 0230 gramme. 




COLOURING MATTER. 



BECnON LIV. 
DlTBRJItNATION OF THE CoLOUEING-MaTTER OP THB UeINE. 

■r The process here given is that described by Vogel ; we may (herc- 
Ibre rest a.<sared that it is well adapted for the purposes of the 
BbysiciBn. (^ArcAtB :Hr Forderuny wisafiisehaftlkher Beilkunde, 
■653. Heft. 1, p. 137.) 

W A. Table of loloun. {See the appended Table.) 
■ Vngel succeeded) aft€r making a large number of observations, in 
nsigoing to the different sltaJes of colour, both of normal and of 
^ibooroial nrine, its appropriate character. He accomplished this by 
fbrming artificial colours with a mijtlure of varying quantities of 
IjgUnboge, lake-carmine, and Prussian blue. He distiugnishea three 
jfaonps or shades of colour. 

Group I. I'e/lato Urine. 
The colour is a yellow (gamboge) more or less diluted with water. 
[liis group contains three varieties of colour, whose starting-point 
completely colourless urine, which is very seldom met with, 
1. Pale Yellow {gamboge with much water), 
8. Bright Tellow ( „ with little water), 
3. Yellow { „ with very little water). 

Group IL Reddiih Urine. 
More or less red is mixed with the yellow (gamboge, with lake- 
nrtnine) . 

Urine of this kind is distinguished by the common phrase of 
*' high "-coloured. Three shades of colour also fall under this head: — 

4. lie<idi«h-seUov>.~K little red is mixed with the yellow, the 
yeUow prevailing (gamboge, with a little lake-carmine), 

5. TellirKisA-red. — The red colour more distinctly mixed with 
the yellow (gamboge, with more lake-carmine). 

6. Red. — ^The red prevailing, but a little yellow still mixed 
with it (laJte-carmtne, with a little gamboge). 

Group III, Brown [dark) Urine. 
The red colour passes through brown, almost into black (gam- 
je, lake-carmine, with more or less Prussian blue). 

7. Brovni*i-red. — A little brown mixed with the red. 
. SeddinA-iirotcn. — Browner than last, 

9. BroumuA-blacJc. — Almost black, but with a tendency to brown, 
A practised cyo can distinguish intermediate shades between these 
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luu SHADES OF COLOUR OF THE URINE. 

varieties of colours, so as, for example, to be able to determine tli»l 
the colour ia intermediate betveen brigbt^jellow and jeliow; or 
that it approaches nearer to the reddish-yellow than to yellowish-fed, 
and so on. According to Vogel, however, the nine shades abcxn: 
given suffice for all practical purposes. , 

a. Indkalion of thete thadea of coluur. — The varieties of txAait 
correspond with certain variations in the quantity of tlie colooriog- ' 
matter of the urine. It has for instance been (bund, that bj I 
diluting a higher number with water, all the numbers below it m^ ! 
be produced. Thus all the nine varieties of colour form one senc^ | 
and the eolouring-mallers of the urine may be considered as meieljf 
dilTereut degrees of dilution of one and the same pignaent-matter; 
from this category, however, must naturally be excluded accidenttl 
colonriug-m alters, such as bile-, drug-, or food-pigments, which are 
only occasionally met with. These experiments, quantitatively con- 
aidered, show that urine diluted with an equal quantity of water, 
produces almost the very same shade of colour with that standing , 
immediately below it in the scale ; 200 C. C. of urine, for instancy rf 
yellowish-red colour, diluted with 200 C. C. ofwattr, thus become rf | 
a red dish -yellow colour, &c. This relative conneiion holds good in 
all divisions of the scale, so that it may bo made use of to detennbe j 
quantitatively the relative amount of pigment-matt«rin different arints. 

The following Table will serve for such an analysis : — ' 
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64 
32 
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8 
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128 
64 
32 
16 

4 
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Pale j^eUow = 1. 1 
Bright yeUow = 11. 1 
YelTow . . . = III. 1 
Reddiah-yeUow = IV. 
Yellowish-red = V. ; 
Red .... = VI. 
BrownUh-red = VM. ' 
ReddiHh-brown = VIII.i 
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c. Ute ofihU ladle. — This Table serves for the quantitative com- 
parison of the amount of urine-pigment passed with the urine; it 
tells ns what is, comparatively, the quantity of colouring-matter con- 
tained in equal quantities of urine of different shades of colour. If, 
for instance, a given quantity of pale-yellow urine contains 1 part of 
colouring-matter, a like volume of yellowish-red urine will conlaio 
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of red 32 parts, of brownish-blnck 256 porta, &c. of 

-matter. Moreover, 1 volume of yellow urine will coiitaiu 

colouring- matter as 4 volumes oE pale-yellow, 1 volume 

mucb as 4 volumes of reddish -yellow, as 32 volumes of 

e-ycllow, and so on. If, tlwrtfore, one person passes 1000 C C. 

yellow urine in twenty-four hours, and another person passes 

000 C. C. of pale-yellow urine in the same tune, they will both pass 

ecpul quantity of colouring-matter. 

In order to establish an approximative comparifon in figures, 
fogti Kt« down the quantity of colouring- matter contained in 1000 
XCof pale urine a.> = 1. 
In comparing the colour of the urine with the table of colours, 
I must take care that the urine is perfectly clear — in most cases it 
riQ require lUtering — and that the light in which we observe it 
HioaU pasa through a layer of urine four to five inches thick ; 
Uierviae the results obtained will uot be uniform. For this pur- 
OM ^araes from four to five inches in diameter, and containing 
00 to 1000 C. C. should he employed. If the thickness of the 
ijer of fluid be less, the colours will be comparatively paler than 
booB given in the Table. 
£sample : — 

1 800 C. C. of yellow urine are passed in twenty-four hours. 
1000 C. C. of pale-yellow urine = 1 part of colouring- matter, but 
f>jk>v urine, aca)rding to the Table, contains four times as much ; 
ponaeqnently we obtain the following proportion : — 

1000 : 4 = 1800 : x = 72 = the quantity of colouring- matter 
Id 1800 C. C. of yellow urine — the colouring-matter in lOOU C. C. of 
■ie-yellow urine being taken sa 1. 



SEcnoK LT. 
DmRUINATION OP THE QUiSTrTV OF THE Individpai, 

CoNsriTnexTS oe Urine. 

TAe VolumHrical Mdkod. 

By tlie adoption of this metlioil of calculation, the aualysia of 

le arine is greatly limpUfied, and mucb more quickly accomplished. 

determining the weight of any substance by volumetrical ano- 

we do not proceed, as in the ordinary way, by collecting and 
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1. The ftRS^ of tlie mgtst n vlntiati most be 
k&ovB, u welt u the qmntit; of tbe ToluBcSncsl 

S. Tbe point at vbich tbe mctMHi ccues, tb«t is, 
exact amount of the Tolnmetiieal Mdntkni neceasur for H« 
tion has been added, roost be iodicated in a w«j tJistiocllj 
fest to (be e;e. 

S. The decompositioD, on whoee cotnplction tbe aiulvtqsi 
must be in ail cases the taxat, 

4. Tbe decomposition mnst be so condoctod, tbat no paft, other 
of the agent acting or of tbe substance actod on, shall be lost. 

As tbese conditions vary in different instances, no general dine> 
lions, applicable to all cases, can be giyen for their fulfilment. Vie 
ahall, therefore, explain them more particularly when treating w^i- 
rately of the different substances employed in the analysis. Vlt 
must, however, in tbe first place give a general deficription of tlie 
spparatns required in the peifbrmauce of this method of aoalyE 
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Tlie French system of weights and measures, on account of 
its general excellence, is invariably employed in all quantitative 
oheniical analyses. There is in this system an intimate relation 
between weight and volume; lOOO C.C, for example, of water = 1 
litre of water taken at its greatest density, that is at + 4° (39" 
Fahr.), weigh exactly 1 kilogramme, or 1000 grammes. Couse- 
quontly, one cubic cenlimetre corresponds exactly to one gramme. 
All the measures employed in volnmetrical analysis are divided 
'" ' centimetres. Of these we may mention :- 



dysis are divided ] 
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ifraduat^d pipette. — It ia made of glass; aud its form is 
Y)<i. 14, a. b. Il serves us for measur- 
ing tin liiuii "iiicli is to be investigated; and ^ * j_' 
,«lKn lill'-'i tul lie neck, where it is marked, con- 
60, iO, 15, 10, 4, or 3 cubic centimetres. 
oaing it its point is introduced into the fluid, 
iction mn^lc uatil the fluid has risen above 
'el of the mark in the neck ; the upper 
is tlien closed with a moist finger — 
dry nor wet, — the pipette dried outside 
any adherent fluid, and the finger 
raised to admit a little air, and to 
the fluid to escape until it readies 
levd of the mark, the surface of the fluid 
Wing kept on the same level as the eye. When 
lh« fluid has fallen to this point, the pipette is 
■gnn Srmly closed with the finger, and its cou- 
tmta may now be allowed to run oat into any 
eonvcnient vessel. 

Tbe mode of graduating the pipelte is a 
natter of great importance, for it dc]irnds upon 
tllis, whether the last drops wtiich collect in the 
lover opening of the instrument, and can be re- 
motred by blowing into the pipette, arc to be em- 
ployed or not. The most correct and useful are 
tbow called Pipette* i I'^eoulement, which are 
ao graduated as to allow the measured quantity 
of fluid to flow out in one stream, go that there 
it DO necessity for blowing out the last drops 
from the nozzle of them. In all cases it is 
best to bring the point of the pipette against 
tile moist side of the glass, while the fluid is escaping from it. Tliis 
method of measuring gives the most uniform results; but it is 
evident that the pipettes must be graduated expressly for this kind 
of measurement. For analysis of the urine, and in order to be 
prepared for all cases, pipettes coutaimng 50, 30, 15, 10, 4, and S 
C- C. are required. 

The following apparatus serves for measuring the volnmetrical 
aolatioitB : — 

£. Mokt'i jnpeOe. — This pipette ia graduated throughout iia 



I HETJIOD OF USING 

whale leogth, and contains from 30 to iO C. C. ; eacli centimt 
sgain, is subdivided into 10 parts, representing the n C. C. [Tig. 1 
Thejf are not dravn out at the npper part, but permit fluids to 
readily poured into them, the opening being then closed with a « 
To allow the volumetrical eolutioD to flow drop by drop out of i 

I pipette, tlie following extremely simple arrangement is rtsort<-il 
and serves for all purposes of this kind : A glass tube drawn t 
fine jHiint, Fig. 16, rf, is fixed into the lower end of a short piea 
vulcanised india-rubber tubing, ¥' ' ~ 
Fro. 1 

t 




hermetically closed by the clip, i 6, Pigs. 16 and 1 7. ITiis clip is 
arranged a^ to be opened by pressing upon tlie two plates, c c. 1 



THE PIPErrE. 



in-rubbcr tube is slipped over tbe nozzle, b, of the pijiette, Fig. 
ind the pipette fixed, by means of a cork, into a wooden fruuie, 
I to luiug liowu perpeudicularly. Fig, 18 represents the appa- 
I complete. 




1 Tunng it, the pipette is filled uj) to the mark o, Fig. 18, with 
volumetrical fluid, the urine to be leated measured out into the 
Lcr-glasa, b, and the volumetrical solution then aUoweU to run 
by pressing on the clip, and towards the laat to drop into it, until 
proper quantity tma been added. By this ingenious atrangemcnt 
secure both a rupid flow of the fluid, and also its flow in single 
«. In inveatigatioua whieh require aome time for their com- 
an, two or more of these are employed ; when completely or 
fined, they are fixed in the stand and there left, their upper 
nag b«9ng closed with a cork to prevent evaporation. 
n ftpparatns of this description, which is very convenient for the 
K>9» of the physician, is representeil in Fig. 1 9 ; its use is readily 
mtood. a b, on which the eight arms are tixed, is a short cylin- 
of brass sustained by a screw, and readily moved on its axis, 
ye, the pi[jcttes are held in their places lij spring clasps, but 
IT are simply received in a conical holder, furnished with a 
p, in order to allow of the more ready removal of the pi]iptte ', eee 
tol card-i>aper, fixfd on 1o each arm by means of a small 
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exit uf the Hiiiil, aTid must then^t'ore be placed somewhat below the 
level of the opening of the larger tube in order to allow of the readj 
esciipe of the fluid. These burettes contain, either 30 C, C, and are 
ID such case divided, like the pipette, t'ig. 15 into ^ C. C, or thej 
contain 50 C.C., arid are then dinJed into 100 parts, each of which 
contains i C. C. When used, thej- are lilled up to a little above the 
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with the Tolumelrical solution, Eiiid the excess then allowed 
■cape through the narrow tube, until the level of the fluid is 
id to be exactly at o. Mohr's apparatus, above desciibed, render 
instruineDt, which is readilj broken, superfluous. Mohr's pi- 
e^ aa Weil as the burette, must be graduated h V ecoulemeni. 
F. I8e gritduated c^lintier serves for the preparalion of the volu- 
rical solntious, and is represented in Fig. 21. It should hold from 
I to 600 C. C, and be marked off at every 5 C. C, Graduated 
Its, as shown in Pig. 22, also serve for the purpose; when fllled 
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to a crrtain mark in the neck, they should contain I, }, or ^ of a 
e. For the preparation of the voluroetrical solutions these flasks 
prclvrablu to the cylinders. 

UI the iastruments here spoken of may hv. obtained, of great ex- 
itade, from Niemann, of Alfeld, in Hanover. 
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MODB or PBOTEDrftK. 

In camiiig out ihe rolometrial method of aaalvsis we iDust,ii 
tJreadj renMrked, pav the greatest atlentioa to tiie preparation of the 
ralntions nqnired for the purpose, for upon these soJutioDs the correct- 
nea» of the anal^e^s e^jentiallj depends. Special rules for this object 
will be giren nnder the head of each particalar process. We maj, how- 
ever, reuiark, that t}ie solutions must alvajs be prepared and used si > 
given temperature, as their Tolnme varies considerably niiiier the 
action of beat. Great care is also lei^uired in reading off the level of 
the fluid in the different kinds of measures used ; for instance :— 

1. We most take care that the level of the fluid is not interfeitd 
with bj an; bubbles of air. We must allow the bubbles to break of 
themselves, or Ihey must be removed by a glass rod. 

2. llie surface of the fluid must be perfectly level. Tliis poiut is 
obtained in the case of the pipette by allowing it to hnng freely ; bat, 
in the case of the bnrette, best of all, by placing it flat agsiust a 
pane of gloss. 

3. When fluid is poured into a narrow tube, we observe, that its 
surface forms a tune, in consequence of capillarity. W~hen we 
examine this curve, especially by transmitted light, several zones lue 

readily distinguished in it (Kig, 23), Now, il is not 
Fio. 2.1. a matter of indifference, iu reading off the scale, 
whether the upper, or the lower, or the middle por- 
tion of the curve correspouds witli tlie graduation. 
The measurements are most accurate, when {Am 
pipette or the burette having been placed in a perpCT- 
dicular position) the eye is brought on to a level with 
the under border of the dark zone, and the gradoation 
of the fluid corresponding with it then read off. This 
border is most distinctly marked anii seen by trans- 
mitted light. 

When the urine to be tested has been measured, 
and the pipette or the burette lilied with thevolu- 
metrica! solution, we first of all allow the solution to 
slowly out, and at last drop by drop into the urine, until the opera- 
tion is completed. When the poiut of completion is shown iu all 
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DETERMINATION OF THE CHLORINE. I0:> 

the fluid, by some distinct reaclJoii, we are sure that tlie 

iro6era followed is good ; but if this be not the cnse, then we must 

ffcst the mixture again mid again towards the conclusion of the 

Bxpcnment, until the right point has been attained. Each process 

WM. in this respect, iUi own particular mode of reaction, and must, 

ibereTore, be separately provided for. When the addition of the 

"'•'lunetrical solution is duly accomplished, we ascertain the volume 

the fluid which has been used — taking the precautions above laid 

'Wn — and from this we calculate the quantity of tlie substance 

oght for in the urine. 

I', for example, in ascertaining the quantity of urea in 1(1 C. U. of 
20 C. C. of the solution of mercury, each C. C. of which 
'tiy corresponds with 10 milligmmraes of area, it follows: that in 
10 C. C. of urine (20 x 10) ihcreare 200 milligramuies of urea, 
^ therefore in 1000 C.C. 2000 grammes. 

1 In using the burette, care must be taken, not to hold it loo much 
^ one side so as t-o allow the fluid to escape out of the broad 
ji>e. This readUy luipiwns, if a drop of the fluid siiould remain 
l^ind in the narrow end of the tube, and prevent the flow of the 
|ud. This accident may be prevented by blowing into the tube. 
! By voluiiietrical analysis we can determine the quantity of chlorini-, 
r urea, of phosphoric acid, of free acids, of sulphuric acid, of lime, 
t ammotiia, and of sugar in the urine. 
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SECTION LVni. 



'il^BXERMINiTlON OF THE QUANTITY OF CuLOElSE 

^^^^ Chloride u? Sodium. 



1/,'l,i^» MflJiod with Proifl-nitrafe of Mircfry. 
teory. — The principle upon which tliis excellent volumetrical 
u foundeil has aheady lieen spoken of under the head of Chlu- 
1b of Sodium (g^.ct. xi.4). We need, therefore, here only remind 
* reader, that in a solution of chloride of sodium which contains 
•ea, a permanent precipitate of urea and oxide of mercury is not 
led by a solution of nitrate of mercury until the whole of the 
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iro STANDARD SOLUTIONS. 

chloride of sodium present has been decomposed, and the nitrate of 
mercury consequently converted into corrosive sublimate. When 
the chloride of sodium is thus completely decomposed, the very neil 
drop of the solution of mercury which is added will throw down t 
permanent deposit of oside of mercury and urea. 

One equivcdent of chloride of sodium (one equivalent of chlorine] 
corresponds with one equivalent of nitrate of mercury ; if, therefore, 
we know the quantity of mercnry in the solution of nitrate of £erciirf 
that has been added to the solution of urea containing chloride of sodiam 
— the quantity of chloride of sodium in the nuxture being unknown — 
we at once learn the quantity of chlorine or chloride of sodium which 
was contained in the solution. Of course it is understood that iht 
nitrate of mercury solution is added, as above eiijoiucd, only ap to 
the point when a permanent precipitate begins to fall. 

For this process the following solutions, whose preparationa m 
here given, are required : — 

. Preparation of the loiuHont. — 1. Staiulard solution ofeAloride 
of sodium.— This solution must contain exactly O'£00 granuiR 
in 10 C. C, or 20 grammes of salt in 1000 C.C. (one litre); 
it is readily prepared by dissolving ZQ grammes of pure fused dilo- 
ride of sodium in water and then diluting the solution up to 
1000 C. C. We can also obtain a solution which contains a oon- 
L slant quantity of the salt, by pouring water over lumps of put 

I transparent rock-salt, and allowing it to stand for twenty-four \itma, 

^^^ at a temperature between 12" and ii' C. (53° and 76" Fahr.), (Cre- 
^^^L quently shaking it during that time). According to Liebig's, Fdil- 
^^H rag's, and my own obsenations, 10 C. C. of this clear filtered sohi- 
^^^T tion contain 3'184 grammes of chloride of sodium. 
P If now we measure out, by means of the pipette, and with the 

I precautions above given, 20 C. C. of this solution of salt, and dilute 

^^^ it up to 318-4 C. C., we shall find that it contains altogether 6868 
^^^ milligrammes of chloride of sodium, and therefore, exactly SOOmilli- 
^^^H grammes of salt, in 10 C. C. 

^^^f 2, Solution of urea. — This solution must contain 1 grammes 

I ■ if urea in 100 C. C, and, consequently, 40 milligrammes in 1 C. C. 

I It is prepared by weighing out 4 grammes of urea, dissolving them, 

b md diluting them up to 100 C. C. 

^^^^ 3. Standard solution of proto-nitrat'e of mercury. — This solution 

^^H nust contain 17'06 grammes of mercury in alitre; so that 1 C.C. 
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tf 11*31 exActly correspond with lU milligmmmcs of cliloride of 
•odiam. 

a. Preparation of the prolc-nttrate of mercun/.^-Greai care la 
mqnired io ita preparation, aa it must be absolutely free from all 

nixiore witU bismuth, lead, silver, and suboxide of mercury. 

17'06 grammes of cbemically pure mercurv are weighed and iu- 
tndacrd into a beaker-glass, wfaicit is then covered with a large 
mtdi^Usa, and heated with strong nitric acid, free from chlorioe, 
•0 long as anj nitrous acid vapour is given off, and until a drop of 
Uw fluid tested with chloride of sodium ceases to show any cloudi- 
nos from formation of subchloride of mercury. The solutiou 
dT oxide of mercury thus obtained is evaporated to a syrup in a 
water-bath, and then diluted with water up to a litre. Should any 
baaic salt separate in the process, a drop or two of nitric acid will 
at once effect its disappearance. This solution must then be 
tested with the standard chloride of sodium (1), iu order to try 
iU parity. 

Pare mercury is not to be bought in the market, and if the opera- 
la possesses none, he may prepare it from crystals of subnitrate of 
necenrj, which are obtained by beating an excess of mercury with 
dflote nitric add, and by concentration and cooling of the solution. 
Ite ctystals are separated from the impure mother-liquor, washed 
«itb a little dilute nitric acid, then with water, and dissolved iu 
attric add, and, as before, converted into an oxide. The solution, 
evaporated to a syrup iu the watcr-batb, is dilut^'dwith ten times its 
rolame of water. If in the course of twenty-four hours any baaic 
■alt is separated from this mixture, it may be removed by filtration. 
This process is much to be preferred to the first, for mercury can 
larely be obtained pure enough for the purpose re^juired, and 
• Hium admixture of other metals in it causes very considerable dis- 
turbances in volumetrical analysis, so as in fact to interfere greatly 
with the final results, and in some cases to render correct calculation 
impoanblc. 

The quantity of oxide contaiued iu the solution must now hi dc- 
lertnined, that is to say, the solution must be graduated — rendered 
Tcdtunctrical. 

6, Graduation of the tolitfUm of mereurif. — 'ITie graduation may 
b* dbcted in two ways, either directly with » solution of pure cblo- 
lide of sodinin of known strength {solution of chloride of sodium, 1) ; 



\T 'lip iii.'iiir::" u" 'Viiit* «t nrrrnr- nay w irsr is«?tfrMinjefi. and the 
viniiiirii ".iiTi iiiiin*^i T:r;i ttiilt. -k) ts "imr jne lin?? ^ruill c«?niaiii 
17'JH jTnmmt*^ u" nt-rr'u-. 'jfii? •uiiif rr^mmerr^ :r ^his solutiou 
';irrp?'!)niiiiii ttiIi 1 i niiiiirranmirt )r .viii.nde :r <i:*i:izi. or with 
'i''»H."i miliirmmniea ir raionne. ? ir ":ie -^-joad ir:i:t?ss i peculiar 
merlir.ii u' jmaiuininr ii»?3r!ir". las )»^ti ^mI34:seti bj Liebiz, which 
I -ril *Tjiiai:i m Me aexr p.-inurmnii. 

Tie j^iiiuinfiii Trrii "in* "KJiunnii k* !ii«;r!i:t? '.t *<:ti:i2ii< per- 
rViniwi .a -lie r't.iL^^vnir iiannt-r. — 

1') '.. L. ".t Tiie "?r.iaiiiLri "**iiiirn]ii ji 'iui)rde :c sriiiini 11 is mea- 
^\vr^.\ '.if jy I "jnttTTe jito i ^mail 3eakfr-zia?« : -3 (7. C. of the solution 
'-jf iir«*a 1 . inii ."5 L. '.. of i r.id ^anricai s;Laci:ii of pare sulphate 
or -»••.< ia ir^ rheu niiiel x.o rr. if :iir'< piTptTTi^. or the btLr»?rre, is now 
lil'iet^ i:i "i-e manner ibr;v-» ies^nneii Sh-Tioq lvi. . vicii tiie dilate solu- 
riivi jf T.irF'^urv. wfaii'h ia "iien iilt:wi^i ro di?w^ cu* bv dr»:D«« into the 
v/.iir.ion •■;? ir*^ ind .:ii:«:rjie :i ^'tiium. the miimre bt?iii;r connnmllv 
acft.iri*rt. ,\j» ^00 a i:? i li^cim.-t: ind pema^euj precipiraie appears 
in I'.hft ilniii, *iie tesr L* complete. A aiew opalescerct? or the fluid 
i.^ not a *njficient *im of ciie c«:niplet:eness or ^he reai:rion, for it may 
f\fXj^xi\\ upon the .icci«!trn:al pre!Htn«:e *ii a mce of foreiirn metals, and 
i.^, in fwit, verv diif-^r^nt from rhe «adJenLV-rormed and cloadv pre- 
''\\i\:?.r.f', Tfiirih ip-d;-;nrr< rhr firm.iri*:-!! of the i:!:mr«?a::J of iirea and 
m '• r ' ■: . r- , .i r. d r hr «". r.. m r- \ eti*:* [i ■:■ f ■: he iruii v si5. 

Tfi;- ■i'olr.ri'-.r .-.f mercurv ieu?: no!: be t..o i:»::i->!i:r:i:el ; if. for 
^x;^rr.rjlf, T""* C. T. of the s-lurl-jn of zierourr have been ii<ed. it \i'ill 
r/: f'-jrjii'i, rh.;:. i- i- ^>, cori'^-nrniteil to ir.ve i-.Turite results. It must, 
t.fif:r'-f''irs \,f'. diiu^rti ^i?h. an efj'nl v.>liiiiie of w.irer. :ind the test 
appli^l a -^rond tirnf*. If we no\i' lind.. that 15*5 C. C. of the solu- 
tion of rfjf roun are necrssarv to produce the cloudiness desired in 
1 r. C. r,f fhf: ?olnri'm of chloride of s^^dium and urea, we must add 
to fV'Tv 155 C. C. of solution of mercur\- 

45 T". C. of water, 

.\\vT*'\i\ v,t'. ol^taiii 'ZW (.'. C. of a solution, of wliich 20 C. C. intUcato 
t'%iu.\\\ iJOO millijrnimiiiesof chloride of sodium, or 1 C.C 10 railli- 
iTiiiiiri'H r;f f^liloride of sodium, or 6*065 milligrammes of chloriue. 
A f'(tn^^\f^T-\i'i^^, should be applied to show, that exactly :20C.C. of the 
Kolutio/i (jf rnrrcury arc required to produce a distiuct cloudini'ss 
when tlif: JaHt drop of it. is added to the above 10 C.C. of nonual 
iioliitioii of rhloridf of 8odium (= 0*200 gramme). The degrt^e of 



must be carefully uoted, otiierwise, in the qusntita- 
tive uialj'sis of tlie urine the aolutiou of mercury may be ailded, so as 
Kt one time to produce a considerable degree of cloudiness, and at 
uotber time only a slight cloudiness; and hence give ri?e to error 
in the miciilalion. By & little practice, however, the exact degree of 
cloudiness required is leanit, 

It must be observed, that the compound of urea and mer- 
emj i^iiom«what more soluble in dilute nilric arid than in pure 
water, and again more soluble in water than in a solution of nitrate 
of una. A^ then the urine contains more of urea than what corre- 
qranda with the quantity of graduated solution of chloride of sodium 
vhidi had been added, nitrate of urea is formed in consequence of 
Utxic acid being set free; and the soluuility of the compound of 
nrea and mercury is thereby lessened. Consequently, in graduating 
the solution of mercury with the solution of normal chloride of 
aodium, which contaius no foreign salts, and only a small quantity 
of area, we must add a slight excess, because the first traces of the 
precipitate are dissolved by the nitric acid which has been set free. 
For this purpose in the graduation of the solution of mercury we 
add to the solution of chloride of sodium 5 C. C. of a saturated solu- 
tion of sulphate of soda, whereby acid sul]>hate of soda is formed. 
This salt of soda, like the nitrate of urea which is formed in the urine 
during the graduation- process, lessens the solubility of the mercury 
and nrea compouud, and thus diminishes the error which might 
jl^M nrise arise. 
^Hj^K Solution of baryta. — This is prepared by the admixture of one 
^BIBbDe of a cold saturated solution of nitrate of baryta with two 
'ironniee of an equally cold saturated solution of baryta. 

c. Proceat, — In order to determine the quantity of chloride of 
sodium in the urine, the phosphates contained in it must be first 
of all removed; and this is accomplished by the baryta-solution 
(4). Of this solution 20 C. C. are mixed with 40 C. C. of urine, and 
the precijiitate removed by filtration — the filter not being previously 
moistened. If the ftllraie ia alkaline, it must be carefully saturated 
with nitric acid, antil in fact the fluid shows sigus of a very feeble 
acid reaction. An excess of nilric acid materially interferes with 
the results. 

Tor experimental purposes, 1 5 C. C. of this fluid, which correspond 
with ] C. C. of urine, are measured off by a pijiette, which contains 
exactly this volume without any subdivisional meosoring, and the 



nt METHOD WITH NITRATE OF SILVER. 

fluid is nut ofi* into a beoker-glasa. The ^tandurd solution of mercnrj 
(3) is then added to it from Mohr's pipette, or from r burette, until 
the distinct pcrmaijeiit cloudiness appeiirs. When this point is ■!- 
taitied, the numbcrof cubio-centitnelres emplovMi is read off. Each 
cubic ceutimctre corresponds with 10 milligrammes (0-010) of chlo- 
ride of sodium, or 6.065 milligrammes of chlorine; and, in tlais 
yny may be calculated the whole quantitj of chlorine conlained ia 
the urine. 

Example : — 

15 C. C. of the above mixture = 10 C, C. of urine required, for tb* 
production of the proper permanent clondiuess, 15 C. C. of thesohi- 
tioii of mercury, which correspond with 150 milligrammes (0'150) | 
of chloride of sodium in 10 C. C. of urine. 1000 C. C, Iherrfoie, 
contain 15'00 grammes. 

For the modification of tliis process, required when albumen it 
present in the urine, see Urea. (Section lx. d.) 
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Tie Method with Nitrate of Silver. 

A. Theory. — The principle of this method is readily explained. A. 
graduated solution of nitrate of silver is added to the urine after it hii 
been filtered and rendered acid with nitric acid, so long as a precipitate 
is formed by it; it is, however, difficult without filtration, which render* 
the operation somewhat inconvenient and inexact, to hit the exact 
point of saturation. Mohr, consequently, in the preparation of fluids 
containing clJoriue, first of all adds to them a few drops of a solulicai 
of neutral cliromate of potash, and then cooducts the analysis in the 
ordinary way. The eiact moment of the completion of the reaction 
is beautifully and distinctly shown, through this modification of the 
process; for as soon as the whole of the chlorine is thrown down by 
the solution of silver, the nest drop of it which is added produces ■ 
beautiful red precipitate of chromate of silver. This plan, howevM, 
requires that the fluids operated ujion shall be neutral, or at most only 
very shghtly alkaline; but under no conditions must any free acid be 
present, on account of the ready solubihty of the chromate of silver. 

This method, however excellent in the case of fluids contain- 
ing merely chlorides, may mislead when used in the analysis of 
urine, on account of its requiring a neutral reaction of the urine. 
Several comparative experiments, instituted first by Liebig's me- 
thod, then by Mohr's, and finally by the process of neighing in- 
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wiibly affuriloi:!, wlien perfonned by volumetrica! analysis with 
tlM M>lutioii of silver aller nddition of chromate of potash, too 
bigfa a rci^ult. The cuu^ or this is easily explained. Whcii the 
ipaljraiA haa been at^jrately concluded according to Mohr's method, 
St will be found, that if (in order to decompose the chromate of nlver 
■fcieh is formed) a solution of chJuride of sodium be added in droj)s 
WttS the colour of the urine has become a clear yellow, the precipi- 
ftrte which is formed does not consit't of pure chloride of silver. If 
thu prccipilale be filtcrcjl under exclnsion of light, and after washing 
he tfeat«d with cold dilute nitric acid, it will impart a colour to the 
BWl; and an appre/:iablc quantity of silver will be shown by means 
•f hjrdrochloric acid, in the filtrate. 

There is no doubt that, in a neutral fluid, oxide of silver is 
fndpitatcd by the colouring and extmctive matters, aa well as by 
die one acid ; and hence, necessarily results au incorrectness in the 
mathod referred to. The phosphoric acid does not interfere with 
the results, because chromate of silver forms before phosphate 
(Compare Section xi. 5). [Ana!ytic~il Examples.) 

The colonring and extractive matters, &c., modify the results even 
in Ml add solution. I llicrefore prefer, according to Mohr's pro- 
ycMil. to destroy these matters by Eivaporalion of the nririe, with 
addilioa of a little pure saltpetre, and subjecting the residue to a 
icntle red-heat. 

B. Prep'iraliitn of the toluiioni. — 1. Sfaniiarii tolulion of niirate 
g^ nAv.-^-This solution must contain 18463 grammes of silver 
in a litre, so that 1 C C. of it corresponds with 10 milbgrammes 
of chloride of sodium, or with 6065 milligrammes of chlorine. For 
Ihb par|>OM; IS'463 grammes of chemically pure nitrate of silver 
diMotved in nitric acid, the solution evaporated to dryness in 

-bath, and hcat«d until all the free nitric ucid is driven off ; 

Idne is then treated with distilled water, and the solution 
obtained diluted nj> to a litre. If chemically pure fused 

of silver is employed, all that is required is to weigh and 
89*063 grammes of it in water, and dilute it up to a 

LA cold aatural«l solution of neutral chromate of potash. 

~ —From 1 to 2 grammes of nitrate of potash free from 

I are added to from 5 to 10 C. C. of urine, lu a small 

D capsule, and evn[)omted to dryness in a wntcr-bath. The 

) is then gently heated over a naked tiame, the beat being 
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^nuliiiilly increased until the carbon is completelj oxidised^ and the 
rertidue converted into a fused white saline mass. In this wa? the 
operation {» safely conducted, and the deflagration moderated. The 
white iniusM is then dissolved in a little water, the solution poured 
iht^) a hcakcr-glass, and the platinum capsule carefully washed with 
u hpirt-bottle. To this alkaline fluid very dilute pure nitric acid 
is a(hl(ul drop by drop until it has become slightly acid. The acid 
reaction is then again removed by the addition of a little precipitated 
rarbouate of lime. The excess of carbonate of lime is not removed 
bv tilt ration, for it in no way interferes with the final results of the 
>ohunotnnil analysis. 

Fn>ni 4 to 5 drops of the chromate of potash-solution are then added 
to \\w mixture, and the neutral solution of silver dropped into it, 
uiulor «HM)stant stirring, until a distinctly reddish permanent shade 
i?4 pnHluooil. This reaction is very beautiful. The fluids which is at 
tintt of a light canary-vellow colour, exhibits at those points where 
I ho Mlvor-SiUntion falls reildish spots, which disappear when the fluid is 
>hakcn. x<o long as any chloride of sodium is present in it. Whenever 
\\w whole of tho chloride of sodium is decomposed by the solution of 
Ml\or« the next dn>p of the solution which is added produces a per- 
n\;iuonl rt\l-v\>lour of chromate of silver, and indicates the condusion 
%v|' I ho ojvmtion. 

I\>^ h oiibto-ivulinutrc of the silver-solution, which has been used 
UjMv* tV,o •jvinl \^hcu the jxTinanent red-colour appears, indicates the 
l»i> v'juv of 10 milligrammes of chloride of sodium, or 6"065 milli- 
>;iajv.;\;o> of ohlonnc^ Thus, for example, if in operating upon 5 
\' r v^( «;r.v \^o hAxc employed 5 C. C. of the silver-solution, the 
> \ ' \ \ o. \u rao \^ \\\ ivuTaitt 50 milligrammes of chloride of sodium ; 
» \x\ IvSS^ i\r o: 11 lO'O grammes, i>., 6*065 grammes of chlo- 

uwo I 

\.\ iu.Nxi o/iM"^ 1. hike's method, above described, which is by ] 
\\\ \\w xr,\\j^o!i^ ,'*r,s*ors xcrv well. In many abnormal states of the ' 
*v.o^\ tu^x^oxoK 0.;o !^.r.*l txv.otion in this process is not well marked; 
\)\ '^u/.; %o.>\Vk. ;V.**',v:o^\ i»c should use the second process de- 

»« nhs\\ 
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[ LIX. 

APPENDIX. 
t^s Method for Sniermiaation of the Mercury. 
: — The principle ujjon which tliia volumetrical proccaa 
ided has been already expliiined under the head of Phosphate 
Soda (Section xui. b. 6). We there found, that a precipitate of 
loephate of mercury, provided it is not iu a crystalline condition, 
■idilj re-dissolves on the addition of chloride of sodium — corro- 
sablimatc, which does not precipitate phosphate of soda, being 
led. One equivalent of phosphate of mercury requires one 
pivalent of chloride of sodium for ita solution ; consequently, if we 
ow the quantity of chloride of sodium in the solution which has 
en used, we can therefrom readily i^culate the amount of oxide 
mercury present. 

We require t»o solutions iu carrymg out this process. 
B. PreparalioTt of the solutions. — 1, Standard Solution of Chlo- 
U of Sodium. — ^The solution of chloride of sodium required for the 
plometrical determination of Uie oxiiie of mercury, must contain 
0*852 grammes of chloride of sodium hi a htre. We can, there- 
, either weigh out this quantity of pure fused chloride of sodium, 
oWe it in water, and then dilute the Huid up to a litre, or, more 
ply, we can dilute 20 0. C. of the before-mentioned (Section 
U., B. 1) cold saturut^'d solution of chloride of sodium (contain- 
6'368 gramiues), up to 586-8 C. C. In either case we obtain a 
solution, which contains 0'010S52 gramme of chloride of 
tdiom in every cubic centimetre corresponding with 0-020 gramme 
oxide of mercury. Thus, every cubic centimetre used in the 
mlysis indicates SO milligrummes of oxide of mercury. 
2, A eold ta/uraled Solution of Phosphate of Soda. — This solution 
prepared by pouring cold water over pure officinal phosphate of 
)dK) aud allowing it to stand (shaking at intervals) during twenty- 
rur hours. 

c. Procets. — It is necessary in this process, that the solution of 
leroiiry should not be too concentrated, partly on account of tlie 
uctjtude of the calculation required in measuring, aud partly 
the completion of the re;iction is more distinctly marked 
dUute tlian in a concenlralrd ilnid. The solution of mercury 



j»-rr:x«::- =r:»jM :p ti^.i. 



■»■»- . 



ht . I .~»* 



■ » 

• . ,- .. ---■ ■ _ -■ _ - ■»- ..T^ •■•»— •— ■•i"»^.i— , - 1 ■• - ■■"* "i*r.* 

, ^ .-•- . - - - -- ..r-- »- - '*.. - il"'"^^***"'^ '•" T"-^ 1^ T^lt 

■.!.;..::::.' " ": jr.- i Ur- .T—Ar. i^r :— n iiiui-L '■ -^iiT- 1! Tin* of 
''*'it-i ■•^•' '.•■ ii'aa XT 'J.e ri .::*:■ n .i nrr-^ir^ ^ nii ji-: :.: il-t -irt*- 



▼ IttZ. 'Ir. tusir 



"-,:.•. ■••^ _ 






• 

Iff " '■■*■!" 5**" •.' T^ 

• - — ■- ■ 

', ..• i' :::.A .: :i:.i.: ::' 11-*: uy. Ill* lern i.I:tr:. Lri:ri.Lio.:::i. Ti;:.i | 

• • i" -•.,5. ■ •^-- •- i— -•j-i^-- -- --.i - -.• ^- ~ ' 15 i .iT'"T? • • Tkr I 

• " "^T • • * ■ 11 

» - - . t - - 

. ■ . i •■:...• .-^:_. ..T «r >,.__r:-. — .—' ? — -■-■- -- . — .•». -.-T-. "■? 

- f* - ■■ • ■ - . I 
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/ju;if I •.».;/ — i.f;., which rnuM h»: aJde-l. until ihe Virliow coloiiT appi*ars 
on rjfMjtraii'.iM^ a rJrop of the luiiture wiili carbonaie of :i:oda— we 
can tialrMliiU: th'; qimutity of urea in the solutiuu. Or, eouverseh. 



DETERMINATION OF UREA. 170 

By combining these two methods we obtain very accurate results. 
K following is, therefore, the best uiodc of proceeding : — 

(Method 1.) 10 CO, oftlie mercury solutiou are measured off, and 
C C. of the soiutiou of phosphate of soda added to it. To this 
' nure (atid without waiting until the precipitate b^ins to crystal- 

:) the Botulion of chloride of sodium is slowly added ; and we 
ill assume that for the purpose required 12'5 C. C. of it are used, 

(Mcithod 2.) 12'6 C.C. of (he same solution of chloride of 
diam are accurately measured off, 4 C. C. of phospliate of soda 
Idctl to it, and the same solution of mercury dropped into the 
axture, until a permanent precipitate appears. 

If in this process we have used, for example, 10'25 C. C. of the 
ercuiy solutioQ, wc obtain by the following calculation the exact 
BOimt required. 

There were used in — 

Mb. I,) To cacb. 10 C. C. of ths solution of c 
Mb. S.}Tanoh 10.2ft C.C. da. 

'^2i C. C.of (haaoludoaof iiicrcuT7iuid2S' C.C. of tho solution of 
cMor. of morcuty. 
Each C. C, of chloride of sodiam solution indicates 20 milli- 
'ammes of oiide of mercury ; consequently the 25 C. C, which were 
nployed correspond (20 x 25) with 500 milligrammes of oxide of 
KTCury, wtiich are contuined in 20'a5 C C. of the dilute soiutiou 
mercury. But as we were forced to dilute this soiutiou with an 
[oal volume of water before using it as a test, 20*25 C.C of it 
ta diluted will correspond with 10'126 CC of the original solu- 
DD, which contains 600 milligrammes of the oxide. 



ia-5 C. C. nf tbfl solnlion of 
cbJor. orsodiaiD. 
12-fi C. C. do. 



ThB QdaKTITATIVE DeTBRMISATION op UttEA. 

A. Theory. — By adding to a dilute solution of urea an equally 

iliit« solution of nitrate of mercury, ^d neutralising &om time to 

tlie free acid of the mixture by carbonate of soila, we obtain a 

white flocculeul precipitate, which is insoluble in water. 

we ooutinuc to add alternately the solutions of mercury and of 

Irbonate of soda, so long as this precipitate is formed, a point is at 
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to exactly one litre. If during tUs process any basic salt is 
M*p:ir.itiMl, it is allowed to subside. The clear fluid is then de- 
c:int4'il off, and the precipitate re-dissolved bv one or two drops 
of uitrii' acid. The correctness of the solution thus obtained must 
now bo tesieil in the manner already described. 

^'. rrt'rarrJion from Oxide of ilercnry, — Pure oxide of mercury 

Wm siTvcs tor the pn»paration of the mercury-solution ; it may 

U* rvavlily obtained by heating in a porcelain basin subnitrate 

of Tucrvury, wliich has been several times crystallised. Com- 

morvuU o\ivle of mercury, however, may be obtained sufficiently 

^mr\* tor the purpose ; so high a degree of purity of the mercury 

tiot Iving rvxiuict'd for the determination of the urea, as is requisite 

iVr i:\c vlctcnuiiuiiou of the chlorine. An oxide of mercurv which 

Icrtws no \'siblc residue when heated on platina foil, is fitted for the 

^».ir»\\Hv\ kH' ih.s oxide 77*2 grammes, dried at 100'' C. (212' 

Vi'*- \ ir\* ::l'v>.u by weight, ilissolved under a gentle heat with 

•'»v» N;:',i;\,i. 'vsj«iil\o ^ujiitity of uitric acid in a porcelain basiD, 

.* i;s*r-i vvl -.0 .1 :J;ra:;\ and then diluted up to a litre. Should any 

*M.x!i- Ni'-. '^•j.Mmiv*. i A.W vinous of uitric acid are dropped into it 

iti: ."iv v£x\»;.T.a£v* TV-vbssoives. 

..••.\ L J "^'ui iul:i'.:rit^ y' MtrfHity. — If the operator 

N\v>4 >>i ^ • • . • .■ ■ \' : V o-.j V. V L:.rv "Jic re urv . he must m ak e a crvstalline 

••• ■ -» ■■ • .'. V. ' • : -i.v' ;[' '^crvuj"". ia. rho manner described under 

»» » v .\ s" • ■ •■ re .'. >.\L .ii'. S:c:iv::i Lviii. b. S, t?,' and convert 
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V n\:^:vjrf vrc-.iaizfd in this solution is ne- 
. '• isi. ■'..T^r.'jr:. be .lerermined. Fcr ihispur- 

• I .'v.-^-, :c:':i^; iescr.ceii Section iz"^.^ mav be 
1 * v •:-;c^«;'i < :: ii-r.e 10 C. C. of the con- 

■.. '^ ■;'• \-:i i- •> :r ':c--dr:'r< t'^icir volume of 
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arc employed 5 x 18-5 = 02-6 C.C. of chloride of sodium-solu- 
tion. 

If, then, 10 C. C. of the conceutrated mercurj-BoIution require 
H'5 C, C. of the solution of chloride of sodium, c-xactly I'lfl C. C. 
of it will be required for 38'6 C. C. of solutiou of chloride of so- 
dium. Cousequcutly, in 416 C.C are contained 77'2 grammea of 
oxidie of niprcur^, which is exactly the (|uantity that one litre should 
coDtatn. We have, tlierefore, only to dilute 416 C. C. of the cou- 
eentratrd solutiou up to uue litre, iu order to obtain a solution, of 
iriiich 1 C. C. will indicate exactly 10 milligrammes of urea. 

It is better, however, not to odd the whole of the calculated 
quautity of water at oiice, but, first of all, (o teat the mixture with 
Uie orea-solutiuu (1.), aud thtn complete the operation. This is 
done in the following way : — 

d. GrailafioH of the prepared Soludott of Mercury. — Exactly 
10 C. C of the urea-solution (I) arc measured off with the pipette, 
and introduced mto a small beaker-glasa ; the approximutively diluted 
mereuij-solution is then added to it, guttiitim, until a few drops 
of the mixture, neutralised ou a watch-glass with carbonate of soda, 
yield a distinctly yellow colour. 

If, up to this point, 1925 C.C, for example, of the mercury- 
Bolution have been used, we add to each 192'6 C.C. of the same, 7'5 
G. 0. of water, and thus obtain 200 C. C. of a solutiou, 20 C. C. of 
which will precipitate the urea from exactly 10 C.C. of the urea- 
aolution. Tiie correctness of the result must be proved by a second 
trial; and if the yellow colour becomes distinct after the use of 
20 C. C, the solution cwy be used for the determinatiou of the 
qnanUty of urea in the urine. 

S. SaiuHoii of baryia. — This solution is similar to that which is 
used in thu determination of chloride of sodium. We obtiiin it by 
mixing one volume of solution of nitrate of baryta with two volumes 
of caustic baryta-solution, both prepared by cold saturatiou. 

0. Proceaa, — In order by this process to determine the quantity 
of urea in the urine, the phosphoric acid, as in the case of chloride 
of sodium, must be separated. For this purpose, 40 C. C. of the 
urine are measured off with the pipette, and mixed with 20 C. C. of 
baiyta-solution ; tlie precipitate which is formed b then separated 
by filtration, the filler not being previously moistened. 15 C.C. 
of the tilLrate, corresjiondirig with exactly 10 C.C. of uriue, are 
neasored out fur each analysis. In most cases one volume of 
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bam4-fi:!an:!i scffi'^s for the separation of all the phosphoric and 
5clph-irl; i::i* OT-nraineil in two volumes of urine, a little of the 
h(knr:A z^izs ?til: left in the s^Intion. 

li lie -.irlne ccnrains alkaline carbonates — which mav be in 

m 

stzlt -r-ise? rrOTWirr.tcd bv carbonate of ammonia, derived from 
i-?»^: z:T»:«ii urra. ir if it has a verv acid reaction, one volume of 
b*irr:j.->;I:;rl::: w.11 not suffice for two volumes of urine: more of 
r:. •JirKfjre, rnusi he emploved. When three volumes of bar}"ta- 
sc"l-:i«::i ire niiied wi:h four volumes of urine, we take 17 '5 C.C. 
oc' "ir £in:e. corresponding with 10 C.C. of urine; with equal 
t:L!1zics •:•: b!irr:.i-5i:.Iuri >a and urine we take for the test 20 C. C, 
asii si? :CL 

T? :'::S§ ziLin^irr -:f urine thus measured out, and without anr 
rrer-jrus aearralis^.riz • wbi-rh Ls required in the determination of tic 
^:xiiiiL^ cc chloride of s«:'dium) the graduated mercuir-solution is 
ii'i^ wiii M :ir'* pipene, the mixture being constantiv stirred ; whei 
-0 ririLi-T ;;wc:i}hAr:oc. or rurbiditv is observed to follow the addi- 
r^or. :f ^h.-? scl:t:o!i. uie test mav be applied. For this purpose, a 
few ir:rs ."^c' ihr ziix^dre are placed by means of a glass-rod upon a 
wi:ciL-^.Ass. azi scz:«r ip:iw o: carbonate of soda-solution allowed 
:." n-. hi-r^ zz>:^ :i«ru: irrm the ed<re of the slass, to effect which 
>[;':.?'* .•U':i:v:b:-i: y'LjeT^e miy br aiivantageonsly employed. If the 
r;\-:^: -^ '!.:-< ::r >.:.-.e JtC'.rr.ii? ::< white colour, it still contains 
'V:-; vr :«. ^I;:^; :i':z-: =:eTi."iry-5*::M::.>n must, ihorefore, l)e dropped 
'"tv ■-. ?::c: t ■•.::>. *: -:i5" -e tesTrti iiriin :antl this is to be repeat etl 
*.:t." . ; ■. x T-.r.cTil :: :i- "c<t. i d:s*:r\.:t yellow colour appears when 
:•:»;-. i:<f :: 5co-i-sc/i:::i. is ad..:ev.i in the watch-irlass. 
rV,'? six •Tf ;: ;ill:-v nisc be similar to that which was produced 
^•'."v::': :lv •r'i«v:i;^\i <c1*jl::o!1 o: mercury was originally prepared. If 
vv5;^>:-;' <"'*.:■:< c: y<rLl:w are aimitred in the testing, error must 

r^"^*,:!'. A 1:::!.' yriv*::o;: wiV. erLible rhe observer to fix ujwn the 

• * k 

V'^* .rvov.v.: .■ :":.: ::r:a is aiI,:".ilA:c-.i from the quantity of mer- 
x-ur]k-^' "-U'v. -.T \->. lis :-;e:i used. Corrections, however, are 
",\vs<v<"^. ivulsT v.t-r:j.:-i s::rs:".:!v.s:ar.ot:s, ariil of these we mav notice 

..X li* ••' r--- ti / r j'-.v** .;* :' r''-:t\ t^ re7nired under 
,N ^ . . I . ■ • ^1 //■< \: i -- s. — I , I '^t.^ 'X ( 'J ' .« '" fy flr.. Tf* than 9, p, c. ff 
fti..^. Vlv 'uc:v*v.r^-A"lu::o:i is sn^duated for a solution of urea, 
^hiv-U vvnt.«u* :J (\ v\ of uwa; we therefore require 30 C.C. of 
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lermry-soIutioD for the complete precipitation of the urea in every 
Ei C. C. of the urea-solution, as woll as for attaining the finnl 
MCtioD with carbonate of soda. The mixture thus makes up 45 
I.C. and contains 30 X 5-2 =156 milligrammes of free oxide of 
lercajy ; consequently, every cubic centimetre contains 8-47 miJii- 
l( the 15 C. C. of urea-sohition contain 4 per cent, of 
iftol5C.C. of it we add 60 C.C. of mcrcury-solulion, 
B have a mixture consisting of 75 C.C, in which are contained 
X 5'2 ^ 312 milligrammes of free oside of mercury, ami, 
lerefore, 4"16 inilligrammea in each cubic centimetre, and conse- 
nciitly, 0-69 mitligramme more of the oxide than is required for 
iC final reaction with carbonate of soda. 

It is therefore clear, that in the analysis of urine, an error will 
ioe, irhenevcr the quantity of urea exceeds 2 p. c, — less than the 
ae quantity of urea being in such case given. K the urine, as in 
le »bove case, contains 4 p. c. of urea, we should not require 60, 
it only 6987 C. C. of the mercury-solution. 

Tian error is avoided if, in experimenting on 15 C, C. of urine, and 
efow resorting to the carbonate of soda-test, we add to the mixture, 
ir the number of cubic centimetres of mercury-solution, more than 
0, which are required for the precipitation, half the number of 
jhic centimetres of water. If, for example, we use 50 C. (J. of 
lercory-solntiou to 15 C.C. of urine, that is, 20 C. C. more than 
tt, wo must add 10 C, C. of water, before resorting to the carbonate 
r Mxla lest. 

2. Urine corUaining leu* Uan 2 p. e, of Urea. — For exactly the 
ime reasons, as those above given, we must, when the urine 
Kitains only 1 per cent, of urea, add to each 15 C.C. of the urine, 
Bt 16 C.C. of the mercury-solution, but 15-3 C.C. before 
6 reach the final test jroint. In consequence of this source of 
rror the quantity of urea obtained is too great. We must, there- 
ire, in operating upon more diluted urine, for every 5 C. C. of the 
lercurr-solut ion, less than 30 C. C. which is used, abstract O'l C. C. 
om the total sum of Ibe mercur)- -solution employed. Thus, for in- 
duce, if we have employed for 15 C.C. of urine 25 C.C. of mercury- 
(hition, that is 5 less than 30 C.C, we must subtract 0-1 C.C. 
IT ihcM 5, and therefore reckon only 429 C.C. of mercur)-- 
ilution, &c. 

8. Urint eimlaini-n^ Chloride of Sodium. — When the quantity of 
tWi4f of sodioui in the urine reaches to &om 1 to IJ per cent. 






.M,t. . 
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riii:! ^LlT*^: ~i-;^: zit: "^^^jlt^ "iii;iir ni zht uaaniio. a: rairri^n&ic of | 
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r.uT" :: 'ii-': "■ ::r:;.::. -: r.. ^ mt Ti:':ri:rt r'-.TTj,-;;. ^ larger i 
[•u.:*.:r- .. vi.i'iT.u-. :»: ? .Jiun. iiuii 1 ;; iiitin: :»«iii... iiit cuzj-rliT of ' 
5;!!i:::i;.i-> : »tiii-.l vL l^: itt mirfas*-:- : is: Uiiii. :»:. iht addidoii of 
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r.lij I-] 'f ci s-i::.,ii - * 1. :»-: :-fU- . 1:71- vi T;:ji n::.-; :«: :hr reai^iii-n 
T« -n:^' ".T. 'I '.■]:•:. y b-.-.L iijf iiutiisn:'' a: claJirjui :>i s:»^uil is >iiil 

"i. ■. !!::= ;!'( u7;tu :^--Il:illl:^ irK^iiL I t: 1: Tier ceiiT. of cliicddc 01 

jrr»njiih> il. urch n. 1' v C-. i>: unuf , sLiiTraoi £ L.C. from iLe ' 

hnmhor of cmUk tVTiiimi'irrs o: tin mcTfurv-soJuiion irhich have j 

^n iRMHi. una nniv cfticuiau tUi qiu&iiiirv of urea from the re- 
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tainder. The results thus obtained will be foond correct and 
mparativc. 

If, however, wc wish to learn the absolute quantity of urea in 
B mine, we must, first of aU, separate the chlorine. For thia pur- 
ee we may use a silver-solution of known strength, 1 C. C. of 
iiich exactly corresponds with 10 miliigramines of chloride of 
>dinm, just as tbe mercury -solution in the calculation of the chloride 
~ sodium. 
8ach a silver-solution may be obtained by dissolving 11-601 
immea of fused nitrate of silver in water, and then diluting the 
lixtme up to 400 C.C. 1 C.C. of this corresponds with 10 
dUigraniDies of chloride of sodinm. The execution of the process 
then as follows : — 

In 15 C. C. of urine, which bns been precipitated by the baiyta- 
>httioo, and which, therefore, correspond with 1 C. C. of the original 
tine, we ascertain the quantity of chloride of sodium by means of the 
icrcnry-solution (See Section lviu.) . If, for example, wc have used 
.7 '5 C. C. in producing a permanent cloudiness, the quantity used in- 
Scates 175 milligrammes of chloride of sodium, which will there- 
re be completely precipitated by the corresponding silver-solution. 
e now, by means of the pipette, measure off 30 C. C. of the same 
trine- mixture, and by the addition of a drop of nitric acid, give it a. 
■eak, but still a distmctly acid reaction ; and then mix with this 
olurao 2 X 17-5 C.C. = 35 C.C. of the silver-solution. The 
Dtal volume of the mixture will therefore equal 65 C.C. The 
bloride of silver which is formed is sepamtetl by filtration, and onc- 
i)f of tbe mixed fluid— that is 325 C. C. — is then subtracted from 
le filtrate, which contains 10 C. C. of urine. 
The urea in thia quantity may now be determined in the usual way 
ith the standard mercury-solution, due regard being paid to the 
Klation consequent on the addition of the silver-solution (i>. 2). 

Urine cunlaining AllmmeH. — If the urine contains albumen, 
either the urea nor the chloride of sodium can be determined 
Erectly in the maimer above described, until the albumen has been 
ireviously separated. The following modification of tbe ordinary 
is, therefore, required. 
From 100 to 200 C. C. of the urine are heated in a closed glass 
a wttter-buth, until the albumen in it is completely coagulnled, 
tnd Iios sqiaruted in thick Bocculi so as to leave the urine clear. 
[f the thick flocculi of albumen should not form on account of u 
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T..-. • : :- - ;i I .:. v.r. urinf, acetic ariJ is carefully dropiXMl into 

- -.* v_ • --.„": 'T, 1 ' produce tliem. Half-an-honr's exposure 

" . : ." - ■ ■ S: 7::- r!uid. wixh ihe allmiuinoiis caiirulum, is well- 

. :- : .... :..:-=-r-i vlicn C(»ld, and the clear filtrate emploved 

• ■. ' '-:..::..-• '_ .: ''.a- chlorine, urea, phosj)horic acid, &c. 

' ' - -'.;-' i. v// r/ AmufHia. — As the carhonate 

;.._:. - T : _ > ::.:! viih in the urine depends upon the 

. .-'.-'..■- : "J.^:.. :: ii-av under certain circumstances be inte- 

~ >- .^ -. .'zr^:.-..i :1: ^jiantiTy of urea which corresponds with 

: i.-: : ii-ii.'L-^ Liebiir found, that even fetid am- 

: ■... - --T.::. pr:"r..'.:i :b-. decomposition had not advanced 

•.. -^ .".:■- r. : Ti: saT^r rfsu]i5 as fresh urine. If nitrate 

.-r^. r^ .. *:> ::. "irinc of this kind a precipitate, contain- 

^ 1 - _ «. •^ .; :x:lr x mercun* for 1 equivalent of am- 

. _. T^ "1^: :Lo >..ine quantity of oxide of mertiin is 

>,.- .• i:. ■-. >5:-.: i* for undecomposed urea, because urea, 

. - ^ J ■■..-.•. >:v.r, ^vt< ?5 2 equivalents of ammonia (lequin- 

-..i -. -»:•:-:-• il:.::? :f oxide of mercury). Experiment, how- 

: t r -o-; • > '.ii: "Is rilir: ;n is no; invariable, and that in fact a greater 

, ..:.". .: *::f -:r:.irr-5o''-::on is frequently employed. If, there- 

.^ •. .*i : r:>..':^ iT: rr^quinxi, the quantity of ammonia and urea 

^ ;. ^ .-^Tr".- .'•::: rrj.-zrii. and the first calculated as urea. 

< ■. - *:s^ ""- ; ■;:;■"/ vis T.ay bo employed : — 
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is prci'ij^itatfd with baryta-snlu- 
■ :• . ' . ^ -...-r:'..*: .: :!:- scliition, ivrrespondiiig with 10 C. C. of 
•ir: .-.. !:-:■.■::■.'. ::: i wAT-.r-larh ur.til ammonia is driven off. The urea 
:s :!.-." sr>.l.'^-:c.l i"-"- "--c <.rxi:::arj' way. In a siK^ond portion of the 
\ir\'\K\ w! :■:> ::.i> r.o: bvin trvatod with Karyta-solution, the volniiie 
y:i 3:L:rov:.i is vo'.;:::*.trric;illy delcnuined by standard sulphurir acid, 
triwh cubic vv:::::ni:rt? of \Yhich t-orrcsponds with 11-32 milligrammes 
\}i a:i:'.i:v»r:ij. or tO milligrammos of urea. (500 C C. of such an 
a,io, t:ivn:;'ri\ co::raius 16:3:33 110, SO,.) 

A ari..::: ^[r.;i::niy of the urine, which has been treated with 
b.ivM.i-^^oiutiov.. is subjected to distillation, and tlie ammonia \vlii«.h 
i\us>is o\or riwivid in a known volume of standard sulphuric aciil. 
B\ nteaiis of a soda-solution, which corrt^sponds with the sulphuric 
;u':.l. iho iiiiiaiuvliT of the unsaturated acid is ascertained; and the 
iiuuibor of suuraied cubic centimetres of acid thus obtained, an* 
iu*lt^uLital as for the un\i; 1 C. C. of sulphuric acid corresiwndiiig 
i luilli^raiumes of urea. The results obtained by this second 
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OkcUkud are more correct than by Uie first. (For the preparutiou of 
the sulphuric acid and soda-solutions, see Section lxx.) 

From a series of comparative experiments Kletzinskj found, 
tlut small quantiliea of other nitrogenous bodies are precipitated 
the urine with the urea by nitrate of mercury ; consequently 
quantity of nrea as above given is too iiigh. These unknown 
ices may be separated by precipitation with angar of lead, and 
r diaturbing influence thus removed. They amqunt on an aver- 
to about i per cent. ; for Kletziuaky obtained, as the mean of 
many nrea.^cul aliens, which he made (on one occasion after the 
ttdiDory method, and at another by the above process of precipita- 
tioD with sugar of lead), 0-593 gramme, instead of 0'580 gramme 
of orea in 10 C.C, of urine. The error is so trifling, that in ordi- 
tMtj ntine-anolyses previous precipitation of the urine with sugar of 
lead, aciduhited with acetic acid, may be omitted as superfluous. 
fHiese substances also yield ammonia when boiled with sulphuric 
Bcid, and thus interfere with Kagsky and Keintz's method of urea- 
calculaljon [Prater VierteljahretKhri/t, 1855, 11, page S3). 

Ijiistly, I must remark, that allantoine is precipitated by nitrate 
of mercury just as is urea. The method above described will therefore 
(m incorrect, when the urine contains allantoine, Allantoine, how- 
erer, bns ucver yet been found either in the normal or abnormal 
oriDQ of man, even when uric acid has been ingested. Professor 
Stftdeter, it is true, states that he has found allantoine in the urine 
of dogs sulTcring tram impeded respiration. More marked, although 
trifling, is the error occasioned by the constant presence of creatinine 
in the urine ; for, aa I have found, this compound is also predpitated 
by nitrate of mercury. The daily quantify of creatinine averages, 
under normal eircumslances, 08 to 1 gramme. 

I oiuit the two admirable methods of Bunsen and Ragsky for 
the qanntitative determination of the urea, for their processes are 
botb difficult and tedious, and therefore not adapted for the purposes 
of the practical physician. I have already briefly pointed out the 
jniliciplc oti which they are founded (See Sect, ii,, n. 2) ,- and as 
Tegards the processes, 1 refer the reader to Gomp-Besanez loocAe- 
miaehe Anaigte, pp. 369-271. Annaleit d. CAmt. w. PAarm. Bd. 56, 
1^. 29-84 ; Bd. 65, pp. 357-387. 

The calculatiou proposed by MiUon (Sect. ii. d. 3), as regards the 
ahoKness of the process, stands next to Liebig's, but it is rendered 
by Liebig's proccsf, 
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l'muL'.\iTLoy or thz Phospuoiiic Acid. 

i ^,'i Sa'^U of Uranic Oxid^. 

• 

i Ti-f-'y . — A prt^i-jhaTe of phosphate of iinmic oxide is imme- 
siuit'. « i:*rrjv.^ Vhfx k h:it solution of a phosphatic salt which is 
jkixiu: iL wizer :c ucifuc add, is ircated with a solution of acetate 
.V ij.r-«;^ of i:rsjiir onde in presence of free acetic add. If the 
».! .izi.c rnr^i-iiis mikCL anuDoniacal salt, the predpitate will likewise 
r.-^^i^ sjir :>:::£. The phosphate of uranic oxide thus thrown 
3. VT rjai^'Ts^ Si'-iiH {iLTUi of uranic oxide to 19*91 parts of phos- 
Ttii.-o: »rji. tui san«8r« as a whitish-yeDow, passing even into a 
ir^vi^ TTi^^rzciase : it is oompletelT insoluble in water and soe- 
D. arji. ^::: s:il-:iif in nineral adds. The exact point of the 
«'*.in:}iii^D:ci of uk r^rarsioi cumot be ascertained in the fluids on 
a.vo]Lr:t cc :bf fC'JTrT chazaaer of the predpitate, and of the slow- 
iiis«^ .ic 31$ o^XKsraMi : coiDsequentlTy in order to determine^ whether 
^-tr 31^: :iie whKJf c\: ihf phcxsphoric add is predpitated, a small 
:\.^^ *v :.Tt.Tj: :\-:^: Trsfst W added, — ^the presence of this salt 
^;.:J: ^.'A.:. sl.¥: ":v :V: V-^l.'v sinsitive reaction of the salts of 
i-i.-.. . . V ..-. TV.: ::rr.». v:.:.:i: o: p:»Tassium. 

i . : ; sj. :< ;: :.r£.:.:. : v.ii ^ivJd.. with ferrocyanide of potassium, 
* >.\^..^'^rr»:: ":^:xv^:::s:c, »hr.-^ui:h which the smallest trace of 

mm V 

'^rv \ .\\>; ^ :vr..:crt'i riscrje, a cort^jwnding degree of redJish- 
Kv» :. aI.^^j'.vo: Sfirx :bf:t*bT impaned to the fluid. 

rS.t!t.ii:e ^^f ur*r^ 03u3e once thrown down, is not decomposed 

S hNr\v**:u.k' vrf jK^assiur.- lite freshly-predpitated per-phosphate 

;rf uvci ; A>r,*^'jeiitly , in testing for an excess of uranic oxide, a 

%ln>p ^>f the mixiuiv cai: 1^ added to the ferrocyanide of potassium- 

^v:;iKMV Vi.v raixture remains uncolouied, if no free uranic oxide 

is pK^^vj ; but if it roTitains the slightest excess of uranic oxide, 

iu pn^'n«.v IS at once distinctly shown by a corresponding degree 

of T\\5-*\Moration v^f the riuid. Phosphate of uranic oxide, more- 

*\cr, ^* ."I ^er^ ^vmstAUt com]vund, and does not, like the phos- 

)^aU' ot m^iK )>»:» iiito Kisic combinations, which contain an 

i^\'«>«H o*' ih«' aalt <Kf unnic o\idc« Hence, when the exact point of 

« Km Iwtii disliiKlly obtained, it may be once again demon- 
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■tntod (after Uic fluid has stood even for a day) ; whilst in volotne- 
tncftl aiuljsis witb pcr-cbloride of iron, the point of renction cannot 
be flfaowD ngnin, even after a few minutes, and consequently this pro- 
cess is ciceeiiiiigly untrustworthy and erroneous. 

The reaction of ferrocvanide of potassium with uranic oidde is 
not, however, so sensitive in solutions which «oiitain acetate of soda, 
H in pore aqueous solutions. This is readily shown by taking 
M C.C. of water and 60 C. C. of a solution of acetate of soda con- 
Uning O'S gramme of the acetate, and 1 gramme'of free acetic 
•rid, treating them with 0'2 C.C. of the same solution of uranic 
node, and then testing with ferrocyanide of potassium. The dis- 
tilled water immediately assumes a very distinct brown colour, 
wfailst the solution of acctat« of soda gives a much feebler reaction, 
the fluid becoming only gradually of a deeper colour. No reaction 
ai M takes place on the first application of the test, if the soln- 
, contains a larger quantity of acetate of soda ; hut after some 
Itngth of time and on the addition of a further quantity of the 
fctTO cya nide of potassium, the reaction appears. 

This fact is of great importance. According as, in the volnme- 
tricsJ analysis of phosphoric acids by salts of uranic oxide, sometimes 
more and sometimes less of the acetate of soda is added, for ex- 
MDfJe, to every 50 C. C. of urine, will more or less of the uranic 
oxide-solution be required, for an equal quantity of phosphoric neidj 
in order to sttain the final reaction -point with ferrocyanide of potas- 
•hun. Ucncc may arise an error, which is, however, rcaddy avoided, 
bj always taking a given quantity of fluid and treating it, before 
the Tolmnetrical analysis, with an equtd quantity of acetate of 
•oda. 

■. Preparation of tie lolutiong. — a. Standard Pkotpkoric Aeid- 
SoitUion. — This solution should be so constituted as to resemble 
the urine as nearly as possible, as re^^ds its phosphoric acid 
oontenta ; 50 C. C. of it sbonld contain O'l gramme of phosphoric 
Bcid. It may be readily prepared from chemically pure, wcll- 
erynt^ised, phosphate of soda, which has not untlergone effio- 
resocnce. The pure crystals arc rubbed down as fiue as possible, 
dried between folds of bibulous paper, 10-085 grammes weighed 
mid diasiilved in a litre of wat«r, 60 C. C. of this solution contain 
exactly O'l gramme of phosphoric acid. 

6. Acetate of Soda-fmlution. — I have satisfied myself, by nume- 
reus experimeot«, that 0-6 gramme of acetate of soda is, undo all 
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cinunisMiices, sufficit^nt for 50 C. C. of urine. Consequently, 100 
ijTAuiuii** of ai'f tale of soda are dissolved in 900 C. C- of water, 
aud the solution brought up to a litre by the addition of 100 C. C. 
of oonaiitnittd acetic acid. In the volumetrical process 50 C.C. 
o: urme aic treated with 5 C. C. of this acid solution of acetate of 

'/. '^. *:*■;« of Vranlc Oxuh\ — Pure commercial uraiiic oxide, 
cr yellow ooLrbonate of soda-uranic oxide, is dissolved in pure 
jotLiv.- .u-i|. :rm from all empyreumatic matters, the solution diluted, 
aud ::s 5:reu^h tested with the standard phosphate of soda-solution 
J . I have round it convenient so to employ the uranic oxide- 
5<.lu::,'r. is that 1 C. C. of it should precipitate, and indicate the 
yr\:se::,'^ o:\a.".y «.»00.r» gramme of phosphoric acid. 50G. C. of 
:he yhosyhv^ri.' awid-sc-lution [a) = 0*1 gramme of phosphoric addi 
wc j.1.1 .\«2<\:uen:iy require exactly 20 C. C. of the uranic oxide- 
s'- I-l::.-:: ; ;his Svlutioz, therefore, must, in the first place, contain 
*.;;-5 *:r:i::-'j:e of uranic oxide for the precipitation of the phos- 
vh,*r..- ivii. ini. sevx^ndiv, a slieht excess of uranic oxide for the 
uivi va>::c:: .":* th;r ocrarletioii of the reaction. 

lL':xv* :h-:u oO C. C. of phosphoric acid solution (a) (0*1 gramme 
yh.^yh :r-: *c:i *:e measuivd off into a beaker-glass, 5 C. C. of the 
A.:,: *.!-::>::. o: As\:ta:c o: soda \JA added, and the mixture heated 
: i wA:-r-bji:h :,^ ir.ui ?U* to 100' C. (194^ to 212^ Fahr.J. 
I'.ic ur-inij ovlit Ss".u::o!i is next added, and the mixture tested 
Ai^r I lie idvht:.:: v: edv-h f C. C. to see whether or not the reaction- 
ivi::: has been r^jkhtc. F..*: tliis purpose, 1 or 2 drops of the 
!rLi\:u.>r Jce illoatv :o syrtad over a wliite porcelain surface, and a 
I::f.e ir,*y of i w-:ai vdlowish solution of ferrocyauide of potas- 
s:u.u: i:*.:rv.v"j:^tv.. ry uie-ins .^: a small gbss rod, into the centre of 
ihc kI:\':^ If there should Iv a trace merelv of excess of the 
Ui^utv sv\^le yrx-:?t::t, a nxldish-brv»wn cirtlet will be formed at the 
w^Mm oi svr,:ao5 v^f the vlrv^ps. This inner circlet is rendered very 
iitk4:iio( b^ the surT\>u:uiiai: lightish yellow-coloured fluid. 

t I ;^r^'tx•t this iiivvte of testing to every other. When, after re- 
IK^tvxi tn*!* *t\d :idvli:ions of the uranic oxide-solution, we obtain 
iK>«u* N>»;^.t >V'^* ^*^ ^'"^ ivmpletiou of the reaction, we again apply 
<^^* ^<>*i xNl the >iAter*b*th fvxr a lew minutes, and then once more 

^ *XHs^v iW U"*!. li the t«iotion is now well marked, the test is 

^1^ iW Avluiioii t>f phosphoric acid require 20 C. C. of 
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itninic oxide- solution, wliich ngnin must indicate niid jireci- 
le 5 milligrammes of phosphoric itcid. If, for exai 
ijilojr 18'0 C. C. of the urauic oxide- solution to 50 C, C. of 
j^boric acid-5ulutioii, vie must add to each 180 G.C'. of tlicsamc 
C.C. of wafer. For tliis purpose we mensure off 1 litre of 
UTaaic oside-solutionj and add to it the quantity of water 
tuiied. In the caae supposed, lll-a C.C. of water must be 
ded to 1000 C. C. of uranic oxide-solution to produce the re- 
ind decree of strength. It is best, however, not to add the 
lole of the water at once, but, before doing so, once more to test 
jou with the phosphoric acid-solution, aad then to complete 
OTWlic oxide-solution. 
^Huis, if we have a second time uae<l 19'8 C.C. of urauic oxide- 
Itdion to 50 C.C. of phosphoric acid-solution {0*1 gramme phos- 
phoric acid), we add lo each 193 C. C. of the same 2 C. C. of water, 
A nuke a new and final test with the phosphate of soda- solution. 
The urauic oxide-solution, eaeh cubic ceutimetre of which precipi- 
ia 5 miUigrammes of phosphoric acid, and which also contains a 
luU excess of urauic oxide for the iinal reaction, must contain 
hS grammes of pure uranic ojude in a litre. (Equivalent of 
uuiim = &9-+.) 

C ProcMS. — a. Determimation of the entire quantity of the phoa- 
tine acid m the urine. 

I. 5 O.C. of the acetate of soda-solution are added to 50 C.C, of 
Inetl oiine in a beaker-gtass, the mixture heated in a water-bath, 
i Eiranic oxide-solution dropped into it from a Mohr's pipette, 
r)d«d into tenths of centimetres. As soou as the precipitation 
UCB, which may be pretty clearly observed, if the uranic oxide- 
latiou is allowed to trickle down the side of the glass without 
■king the mixture, we proceed to the testing. One or two drops 
the mixture are placed npon a white porcelain surface, and a drop 
I shghtly yellow- coloured solution of ferrocyaiude of potassium 
trodQced by means of a thin glass rod into the middle of the 
read-out drop of the mixture. If a small exL«ss of uranic oxide 
prenoit, a little island of a reddish-hrown shade, "urrounded by a 
knulcss or slightly yellow-coloured fluid, will be diatmctly ob- 
nti at the points where the ferrocyonide of potassium- solution 
nes in couluct with the mixture. When a weak liual reaction 
peu9, the mixture is again healed fur a minute or two in a water- 
Ill, uu) ^in tested ; if (he reaction is still distinct, if tAe eulour 
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• -^'fp'fuh trlf/i the shade of cohur urhkk apjjearal vin 
«•- • .,r, l'.-{t.'luti'.»n ica4 ori^iualfy j/rrpa red, ihe lesi is com- 

. . .' .r C..V.5 wc continue the addition of the uranic oiide- 
> .. . .:•/■ ::a lin.d reaction becomes distinct and permanent. 

:r. :':u t\.ci point of final reaction has been exceeded bj 
ji .... . . :: -.x :nich of the uranic oxide-solution, and if a deep 

.-..■..,. v.: v..v-:t.:iatilv appears on the a]jplication of the test d 

" . i - - .: :\:.\>s:um, we add to the mixture (according to cii- 

. >: : .-.> :r. :. 1»» lo 20 C. C. of urine, and then carefully add 

. ^^.:. .v.i><.\u:ion, until the proper shade of colour is ob- 

v> ^■\i._^ >::v..i^£t\\ the action of ferrocyanide of potassium on 

->». . . \ 1. -> i:li}c\: by the presence of acetate of soda; the single 

.-^x 2.>,:.ri. :K\v:re darker and darker, which might be a sonrec 

. . " \ : . ; ^ . -^s^rrTxr. Under all circumstances it is best to regard 

. ._. ...c* *: ;: ui«^^ pnvess^ the first appearance of a shgkt 

.:• * . ^w•- ..V .: ."j: :rf r.::ddle, which, after two or three minutes 
. .. .... ^ .- i:^;' ^*i:«.T-V^ih, can be again made to produce the 

V ... ^. „•. . .1- '.W". t-i" br.-^^wn colour should markedly inciesse 
• '. ...-T^ .-. Ill :.* If'.cw. ::n::utes. 

,-.. .^ !. *>vw.i;r. \.\z of whom, like myself, propose the 

.• > .:.'.:. .vr.,:uct the process in the cold. I, 

..'- r -.J- _«: :.: d^i. bi\\m5e the complete separation of 

*..>.». * ri».. -V..:. :.ikes place much more rapidly in 

•. ,-. V. , .:-.>. £. ^.'.l^ :■! uranic oxide-solution have 

\\ -\ ^.- , r.«;— .\. v.. :. ^\C. vf urine, the first ap|)earance 

." .V. .x:-'.-. Aut-: rc\.:i:on. the 50 C. C. will contain 
. .> ;.,*-., i.:."., H-cii may be readily calculateJ 



. ■ "k ■ -■- 

» ... . •-. 






.-.- :■--•>- ..>:::;.;> marked, if the whole of 
\ .*..\v. .»..: . ... /. > -v. ,:' L. vr:\:::i,iti\l from the urine bv 

mm a 

.v^' -x .^ .V. .J .. .-. •. .>.-• ;7-; .'.J.,: estimated in the mamur 

• V '. vx, w * V-. .,-. ■ r*,-, :::..:;. For this purpose, 50 

. » ,. •- -'- • --. ■•"■ :. - "." A-:::v.<;a-uii\ture (a t'Kar 

V. ..^. • , . ^ - >^- ■- v. ■".:•.■....•. .uidainiiioiiia), and tbo 
. \ K . ♦.v .• V T .. .. r N.U:. V..v.>. r>.c ammonio-phospliate 
^ »*.svx»% N .-.. .V .V. .V ■' >•- i.. ::.:.:. *A.-k<::t,i ^\ijh ammoniacal 
'^-.*\% ^. xu » ,. • e^." 5 -A^-* ^'' w.i:tr. :%ud the pretipi- 
*vVh «,%vKv( .ij\v^- ^^'*' *^*vki:; r.lur into a beaker-glass. 
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fter brating in a water-bath, acetic acid is added in drops uctil 
itntiou is flccomplislied ; the mixture is then dilated with water 
I to BO C. C, 5 C. C. of acetate of soda are added, and fioiilly 
adu&ted with the uraaic oxide-solution, aa above described. 
•nns tcdiona process ia rarely required, for ihc results are usually 
ly aatisfactory in direct volumetrical determination of the urine. 
f this second process we employ, in operating upou the same 
ine, about h C, C. of uranic oxide-solution less, and this equals 
t the twenty-fgur hours' urine of 1500 C.C, about 0-16 to 0-2 

le of phosphoric acid. 
i, SeUrmination of the phosphoric acui eombiiied with ihe eartht. 
To determine the quantity of phosphoric acid combined with the 
(tfas. 100 to 200 C.C. of the altered uriue, according to its 
of concentration, are treated with ammouia until alkaline 
;tion is produced, and allowed to stand twelve hours. The 
Jiy phoapliatea separated during that time are collected ou a 
Iter, and washed with ammoniaeal water, — one part of ammonia to 
ports of water. The precipitate is then washed through the 
nken filter into a beaker-^ass, heated and dissolved in the smallest 
Bible quantity of acetic acid ; and tlie mixture, after 5 C. C. of 
acetate of soda-solntion have been added, and the whole volume 
tcrenaed to 50 C. C, graduated with the uraaic oxide-solution after 
la nunnsr described {a). 

.Erample. — 50 C.C. require for the determination of the whole of 
le phosphoric acid of the urine, 18-4 O.C. of uranic oxidi>solu- 
an = 0-092 gramme of phosphoric acid. Thus, in 1000 C.C. is 
intained 1-810 gramme. For the determination of the earths, 
unbilled with the phosphoric acid, 6 C. C. of uranic oxide-solu- 
m = 0-03 gramme of phosphoric acid, are employed for each 100 
C. of urine. Consequently, 0300 gramme in 1000 C. C. 
Thus the urine contains : — 

a. The whole of the phosphoric acid = I'S^O gramme. 

b. Phosphoric acid combined with earths = 300 gtauime. 
ihoric acid combined with alkalies = 1-510 gramme. 
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bnitiiig in a waler-bnth, apetic acid is added in drops unlil 
itiou is accomplished; Uie mixture is then dilated with wut^r 
to 50 C. C, 6 C. C. of acetate of soda are added, and tiimlly 
lualed with the uranic oxide-solution, a» above described. 
This tedious process is rarely required, for the results are usually 
aatiafactory iii direct volumctrical detcrminatiou of the urine, 
this second process we employ, in operating upon the same 
■bout fs C. C. of uranic oxide-solution leas, and this equals 
twenty-four hours' urine of 1500 C. C, about 0'15 to 0'2 
of phosphoric acid. 

inaiion (^ the phosphoric acid comiiiied with the eartka. 
line the quantity of phosphorie acid combined with the 
.100 to 200 C.C. of the filtered urine, according to its 
" concentration, are treated with ammonia until alkaline 
is produced, and allowed to stand twelve hours. The 
phosphates separated during that time are coUcctcd on a 
and washed with ammoniacal water, — one part of ammonia to 
parts of water. The precipitate is then washed through the 
■oket) filter into a beaker-glass, heated and dissolved in the smallest 
able quantity of acetic acid ; and the mixture, after 5 C C. of 
acetate of soda-solution have been added, and the whole Yolume 
Bcreased to 50 C.C, graduated with the uranic oxide-solution after 
B manner described {a). 

Branplc. — 50 C, C. require for the determination of the whole of 
e phosphoric acid of the urine, IS'4 C.C. of uranic oxide-aolu- 
m = 0-092 gramme of phosphoric acid. Thus, in 1000 C. C. is 
ontaincd 1'840 gramme, for the determination of the earths, 
onbiued with the phosphoric acid, 6 C. C. of uranic oxide-solu- 
O'OS gramme of phosphoric acid, are employed for each 100 
!. C. of urine. Consequently, O'SOO gramme in 1000 C, C. 
TbuB the urine cunlnins: — 

a. The whole of the phosphoric acid = 1-810 gramme. 
t. Phosphoric acid combined witli etirlhs ^ 0300 granuae. 
c. Phosphoric acid combined with alkalies = 1*510 gramme. 
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h- Solution of acetate of eoda. — ^After making numerous experi- 
ments^ T found that 1 gramme of acetate of soda must be added for 
every 10 or 15 C. C. of the graduated iron-solution, provided it does 
not contain too much free hydrochloric acid. We must therefore 
prepare a solution of 20 grammes of crystallised acetate of soda in 
200 C. G. of moderately strong acetic acid; 10 C.C. of this solution 
contain 1 gramme of acetate of soda. 

c. Process, — a. Determination of the whole amount of pho9pkatei. 
— 50 C.C. of the urine to he tested are measured off by a pipette into 
a beaker-glass, and mixed with 10 C.C. of the acetate of soda solu- 
tion. A piece of filtering-paper is then moistened with ferrocyanide 
of potiissium-solution, and spread out upon a white porcelain plate. 
The standard iron- solution is now added to the urine by drops (the 
mixture being constantly shaken, and frequently tested), in order to 
ascertain when the process is complete, and a small excess of iron- 
solulion has been added. The test should be applied after the 
addition of each half cubic ccnthnetre. A small piece of filtering- 
paper, moistened with the ferrocyanide of potassium-solution, as 
already described, is doubled together and then pressed upon with 
a glass-rod, which has a drop of the mixture adherent to it. If 
an excess of the iron is present, a blue colour ajjpears on the 
paper in the course of few seconds. The exjx'rimcnt is complete as 
soon as the well-marked blue colour can be reproduced, even after 
an inter\'al of some few minutes, without the addition of any more 
of the iron-solution to the mixture. This point, indicating the com- 
pletion of the operation, may be accurately enough hit upon by the 
assistance of the prescribed quantity of free acetic acid. If too 
small a quantity of acetic acid be present, the operation becomes 
very difficult, and often indeed impossible, on account of the ready 
decom])osition of the peracetate of iron, as well as of the great ten- 
dency of pcrpliosphate of iron to undergo basic combinations. 

The number of cubic centimetres of the iron-solution, which 
has been used, gives us the amount of phosphoric acid contained 
in tlic 50 C. C. of urine, every cubic centimetre corresponding with 
1 milligrammes of phosphoric acid. The experiment is repeated a 
second time to control the result ; and if both these experiments 
agree, we may conclude that the calculation is complete. 

If the urine is alkaline, and has already separated a portion of its 
earthy phosphates as sediment, a few droi)s of hydrochloric acid 
must be first of all added to it in order to rc-dissolve the precipitate. 
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m 10 to 20 C, C. of the acetate of soda- solution an^ then added tu 
50 G. C. of utine, according as much or little of the hjtbochloric 
I has been eajployed, and the operation completed us Iwforc 

■ibed. 

t, Dift^rminalwn of th^ phatphorlc acid combinfd leith the alkaliei 
i/f. — In order to learn the quantity of phosphoric acid which is 
ubined vith the alkalies in the urine, it is necessary, in the first 
IDC, to separate the earthy phosphates. For this purpose, 60 C. C. 
the nrinc are measured off, and rendered slightly alkaline bv the 
l£tk>ii of a few drops of ammonia. By this means the whole of 
l^iosplioric acid, combined with the earths, is separated. After 
few hours, the precipitate of phosphate of lime and of ammonio- 
losphntc of magnesia, is separated by filtration, and carefully 
' with water containing a little ammonia. The lill.rate, after 
sng neutralised with acetic acid, is treated with 1 C. C. of acetatp 
soda-soiutlon, and then graduated with the iron-solution, as 
litady described, 'fhe number of cubic centimetres of the iron- 
ohition employed gives the quantity of phosphoric acid combined 
itli the alkalies ; and by subtracting this quantity from the whole 
f the phosphates (obtained by process a) we obtain, as the diffe- 
ence, the quantity of phosphoric acid in combination with the 



BECTiON LXIII. 

TIATION OP THE Amount op Free Acid in the Urine. 

, Tkeorg. — ^ITie ncid reaction of the urine docs not depend solely 
■pon the add phosphate of soda. Other free acids — lactic acid, for 
umplc — assist in producmg it. We must, therefore, in dtter- 
^oiiig the acidity endeavour to find its saturating capacity by com- 
lon with tlittt of some other known acid. For this purpose 
i oxalic acid is selected ; so that we have to determine, how 
Diach oxalic acid corresponds witli the free acid in a given quantity 
F arine. This we do, by accurately neutralising a known quantity 
ittlra urine with an nlknline solution, each cubic centimetre of which 
K>iid« with a kuovD quantity of oxalic acid. Caustic soda* 



L 



UUAN liTATIVE DETEUMINATIOS 



SECnOK LXtl. 

I)et*;iimijiation ot tue Phosphoric Acu> by uxass 
pKucai^Rii>B OP Ieon, 

J. Theory. — A solution of phosphate of soda, wLicb contains alse 
both acetate of soda and free acetic acid, when treated irith a dilole 
Bolutiou of percliloride of iroD, yields a voluminous whitish-jdlo* 
precipitate of phosphate of iron, containing one equivalent of aside ' 
of iron to one equivalent of phosphoric acid. So that, if ve tiU { 
acetute of soda to a solution containing an unkDown quantity of ; 
phosphoric acid, and then add a standard solution of perchloride of 
iron until the whole of the phosphoric acid is throwu down, aodt 
trace of an excess of the iron appears in the mixture, we can reckot 
the quantity of phosphoric acid, by taking the amount of iroD' | 
solution employed. Oue equivalent of oxide of iron throws don 
one equivalent of phosphoric acid. la order, therefore, to asaTtaia 
that a small excess of (he perchloride of iron has bccu added to ibe 
solution, and that the process is complete, a suiall piece of tiltenng- 
paper, moistened with a solution of ferrocyanide of potassium, is laid 
upon a white porcelain plate [or on a piece of glass placed OTO 
white paper) ; another piece of paper is then place^l over it, and i 
tbop of the mixture, on the end of a glass rod, pressed on tlie sur&ee 
of this second paper. If the mixture contains an excess of the 
iron-solutiou, a blue colour will appear in the course of a few 
seconds. 

It must, however, he observed, that the precipitate caused bj 
chloride of iron in a fluid containing phosphoric acid, only retum 
the composition above given (Fe, Ou P 0,) so long as an excess ot 
phosphoric add is present. When we add the iron-solution in small 
e\(.«ss, we sliali, during the tirst few seconds afterwards, obtain the 
reaction mentioned with the ferrocyanide of potassium ; in a vexj 
short time, however, the reaction disappears. A few drops ni 
perchloride of iron will reproduce it, but after a few minutes it will 
disappear for a second time. 

Any one can readily satisfy himself of the fact by experiment. 
The cause of it is this : the precipitated perphosphate of iron decom- 
poses the percliloride of iron which liaa been added in excess, and hj 
taking up more of the oxide passes into a more basic compouml. 
We must, therefore, watch for the first distinct coloiatioD whiok 
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l|>prar!', and reganl it as indicating the completion of the prncess, 

rm tbough it disappc^ira after a time. Hie greater the quantity 

4 tteti acetic acid which the mixture contaios, the more slowly does 

he colour (iisftp|jear. In order, therefore, to hit the exact point of 

lompl^on of the process, these facts must be carefully noted. The 

mdiloridc of iron added in ejce?.' is immediately converted into pcr- 

of iron by the acetate of soda which is present, and tlie fluid 

consequence U!<ually assumes a sonienhat darker colour. This 

is not nearly so delicate as that with the salts of nranic oxide. 

B. Preparation of the aolutionn. — a. Stawiard solidlon of per- 

\ioride of iran is obtained by dissolving 15"55C grammes of chemi- 

■Uj pure iron (pianoforte wire-strings) in pure hydrochloric acid, 

dding a little nitric acid. The mixture is then carefully evaporated 

dryness in a water-batli, in order to drive olf the excess of hydro- 

Iwic acid, and the residue (care being taken to prevent any loss 

it) dissolved in water, and diluted up to 2000 C. C. 1 C. C. of 

lii* solution exactly corresponds with 10 milligrammes of phos- 

'loric add. 

Instead of this solution of pcrchloride of iron, one of unknown 

trcngth may be used, its strength being ascertained by voluraetricnl 

ulvsis. For this purpose we prepare a solution of jihosphatc of 

ida, which contains in 50 C. (J. exactly O'l gramme of phosphoric 

:id (sec Section lsi,, b. a), and then drop into it the chloride of 

on solution, to which 10 C.C. of the acetate of soda-solution (i) 

kVe be«n previously added, by means of a pipette, until it is found 

ut a drop of the mixture, when tested as above described, produces 

distinct blue colour on paper moistened with a solution of frrro- 

jraiiide of poliiasium, which blue colour, after ibree or four minul^s, 

ijr be again recalled without any further addition of the iron-solu- 

a. The quaniily of the iron-solution employed in the process 

p to (his point corresponds with O'l gramme of phosphoric acid. 

This method is prrferable in ever)' way to the former, for the 

ror occasioned by the excess of the iron solution, which in 50 C. C. 

urine ninounts lo nljout from 1*5 to 2 C.C. of phosphoric acid 

itlntion, is already accounted for in the graduation process, and con- 

M]Dently disappeara when the precise quantity is calculated. The 

egrre of the blue colour should be rjirefully noted, in order that 

same relative colour of the mixture may be always obtained. 

percldoride of iron-solritinn employed must be absolutely free 

I protochloridc of iron and hydrochloric ucid. 
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-' •' ir' n^iia, — After makiug nuiLerjTisC 

^runiiu' •>!' ;uM»t;ite uf ^Ax mii>t b? aidd 

•"•:«' -rruiuatfil iroii-«olai:::.. pri-Tiit-l : 

-..' svilnK'Iilonc add. "NVe inTist tb 

..-. ...^ u-"ii' u'i'l : 1»» (". C. o:' tl.ir * 

. <t'"i ir»' meajsured off bv a i-ioe 

« I A 

. ^■'.l '•' CC. of tiio acetate of sc»\l 

- .:.:\'.vtr .:! riicri moistened nitli fern> 

. • i --r ul Mir upon a white porcelai] 

>- . : ^ "'.'w uMi'd t') the urine bv drc 

■ 

- • k ■'. mil f-njuently tested" , in c 
^•vr.:'«"i« !v\ mil a small excess t 
V'-'' \'si -h'.iild lie applied af 
' ■« »7". .V small piece of fi 

- .' '.:i "j M p« •ta<>iuin-«olut 
C 'IT wA rhen pressed iipc 

•"i"' 'iiixtJir'' a'llierent to 
: '■ : ' •:■! Mir iTiiKr-irs > 

.- ■:'. ..*•■ - ;^r-- dii..ed. i vi 

- •■ • :■ :"•'" ui :::io:i r»f an 
- • . "•'. :rsiio:iTi]ii: tl: 

■ !*. '\z'\ \v.\ upon 
■-■•.. b tri-: a* id. 
• - '. •'"• "; erati'ii b 
. • v • iv.r i-.i* tlu 

■J . - • .- ••':' i!:.i:i -ns. 



• • ^% ^ 



- ■ ft 



•■• »n. 



.- —■:-*'• ::.]in 



^< »•. » 



OP THE PHEB ACID IN THU URINE. 100 

D to 20 C. C. of the acetate of soda-solution arc then added to 
IC of arine, according aa much or little of the hydrochlaric 
I been employed, and the operation completed as before 

linatlon of tie phoaphoric acid combined with the atialiet 
order to learn the quantity of phosphoric acid which is 
with the alkalies in the urine, it is necessary, in the first 
•eparate the earthy phosphates. For this purpose, 60 C. C. 
snc are measured off, and rendered slightly alkaline by the 
of a few drops of ammonia. By this means the whole of 
iric acid, combined with the earths, is separated. After 
\, the precipitate of phosphate of lime and of ammonio- 
of magnesia, is separated by filtration, and carefully 
with water containing a httle ammonia. The filtrate, after 
ikg neutralised with acetic acid, is treated with 10 C. C, of acetate 
Boda-solution, and then graduated with the iron-solution, as 
ndjr described. The number of cubic centimetres of Ihe iron- 
Ktion employed gives the quantity of phosphoric acid combined 
h tbe alkalies ; and by subtracting this quantity from the whole 
the phosphates (obtained by process a) we obtain, as the diffe- 
IBC, the quantity of phosphoric acid in combination with the 



SECTION LXJII. 

fDmBVtXATTOTI OP TlIS AUODNT OP FftEB AciD IS THE UrINE. 
A. 7%cory. — The acid reaction of the urine does not depend solely 
l^ion the acid phosphate of soda. Other free acids— lactic acid, for 
lpifiTnpl« — assist in producing it. We must, therefore, in detcr- 
■imng the acidity endeavour to find its saturating capacity by com- 
■ouoo with that of some other known acid. IVr this ])urpose 
Bjstallised oxalic acid is sck-cted ; so that we have to determine, how 
nach oxalic ntnd corresponds with the free acid in a given (pmntity 
qt nhne. This wc do, by accurately ncutmlising a known quantity 
ttf the urine with an alkaline solution, each cubic centimelTe of which 
LaoKSponds with a known quantity of oxalic acid. Caiutic 8oda< 
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solution senses best for the purpose, as it does not^ like ammonia, 
lose its acti\ity by evaporation ; it also enables us to ascertain with 
perfect arcuracy the jx)int of neutralisation. 

B. Preparafion of the solutions. — a, St^indard oxalic acid solu^ 
Hon, — This solution serves for the graduation of the caustic soda 
solution. It is prepared by dissolving 1 gramme of pure oxalic 
acid, which has not effloresced, and diluting it up to 100 C. C. 
Each 10 C. C. of this solution contains 100 milligrammes of oxalic 
acid. 

b. Tincture of litmus, — 1 gramme of litmus is digested for 
some time in 150 grammes of alcohol, and the deep-blue solution 
thus obtained is then fitered. 

c. Caustic soda-solution is prepared in the ordinary way, by means 
of caustic lime, from carbonate of soda ; and its activity determined 
with the oxalic acid-solution {a). Each cubic centimetre indicates 
10 milligrammes of oxalic acid. 

IOC. C. of the oxalic acid-solution are accurately measured off by 
the pipette into a small beaker-glass, and rendered of a distinctly red 
colour by the addition of from 6 to 10 drops of tincture of litmus {l). 
The glass is then placed upon a white-coloured ground, and the dilute 
soda-solution dropped into it, until the fluid has again become blue. 
This point may be ascertained with the nicest accuracy, the red colour 
passing very suddenly into blue. Thus 6 C. C, for example, of 
the soda-solution employed in the process will correspond witli 
100 milligrammes of oxalic acid; we therefore add 400 C. C. of 
water to 600 C. C. of the soda-solution, and thus obtain 1 litre of 
soda-solution, each cubic-centimetre of which exactly corres})onds 
with 10 milligrammes of oxalic acid. We satisfy ourselves of the 
accuracy of the dilution by a second trial ; and if, after the last drop 
of 10 C. C. has been added, the blue colour appears, the soda-solution 
may be safely employed for determining the amount of acids in the 
urine. 

c. Process. — Tlie tincture of litmus cannot be added directlv to 
the urine, as the colour of the urine prevents the passage of the 
red into blue being accurately observed. Consequently, in deter- 
mining the point of saturation in the urine we must employ litmus- 
paper, and carry out the process in the following way : — 

The standard soda-solution is added by drops to 50 or 100 C. C. 
of urine, which have been measured off into a beaker-glass. After the 
addition of each half cubic centimetre a drop of the mixture is taken 
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on a g!ass-roil, nnd pliiwd upon a piece of Fciisitive blue litmus- 

Jftt; if llio spot 13 retldeneil anil retnins its red colour for a few ae- 

CDOds/ireiDust eooliime (be udditioii of tie soda-solutiou, until, in fact, 

ihi- reddening of the litnius-pnpiT is no longer perceptible. We then 

' :i drop of the minture on reddened litmus-paper, and observe ' 

1 r the paper becomes blue. If this is the case, we must then 

the ipiantity of sodti-solution which has beea employed, and 

BfeaA tlie experiment with a new (juantity of urine ; this time, Iiow- 

■fm, not quite so many drops must be employed. In this way, and 

V ffeqtienl testing, the point of saturation may be accuratdy 

mi]. 



SECTION LXIV. 

Dbtkrmixation of tub Si'uiiuRic Acid in the Urine. 

A. ifiifwy.— The process for determining the quantity of sulphuric 
aotd in the urine consists in adding a standard solution of chloride of 
barium to a given quantity of urine, so long as a precipitate of sulphate 
of baryta is formed. It inust, however, be observed, that when we 
bave added to a given volume of urine, slightly acidulated with 
hydrochloric acid, a quantity of chloride of barium exactly equivalent 
to tho sulphuric acid contents, a so-called neutral point is attained, 
xt which the tilti^te will jieJd a slight cloudiness with sulphuric acid 
M wcU as with cliloride of barium-solution. In a solution of this 
composition, we nmst regard the chloride of potassium, the chloride 
of bnritim, and the sulphate of potash in a certain state of equilibrium : 
«o that, if more chloride of barium, or sulphate of potass be added, 
the balance is destroyed, and sul|>hate of baryta is separated. Hence, 
in tJie determination of sulphuric acid in the urine by means of the 
chloride of barium-solution, we must either add the solution until 
the neutral point is attained (i. e. until a slight cloudiness is ob- 
tftised by the further addition of a drop of the solution, as well aa 
ia another specimen by a drop of sulphate of {)otAsli-solntioiO> or we 
nust add tlie chloride of barium-solution until tho presence of only 
A slight cscess of the barjta is indicated in the filtrate by sulphate 
of potash. 

Of conrsc the strength of the cliloride of barium-solutioD must 
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be diffiT'Tit, riTorlinii ii' wliicb of thc*r two metlimUof detcrminin!! 
the coiiiiiMioii (if ihe rr.ioiuni i* f-mployed. If wc continue the 
irrailiutioit iiji 10 the iieuinl ivkih, it will W brsi to cjnrenttaie the 
chloriilc (if li:iriu[i)-sfilutii.iii, su iliai 1 en liic-ccuTi metre of it slull 
cdntain a i[iiiiiitiiv nf iiarvia ftjniTalrni to 10 inili!i.T;iii]mps of sol- 
pliurif aciil ; but in ibi- sfconij vttK, tlic Iiantu-S'.iliiiioii miisl contain 
a >iiL'ht i-xiTJ' I'f Iwirvtii. in t'n!<T i!i;ii (mcb ('ul.ii-ci-iitiiiii-tn' stall 
jiniiliitiite li' uiilliirTaiumi-f of sulphurie .ici'l, and liic iitial lest- 
puitii be iiulir;iteil bv n slight biiryta n>nctioii of fjn' fiitnite. I am ■ 
iiiiliKtiitl, tliat till' neutral point is pr>'tty wcl! nsccn,iint'il, iLsi the ! 
result is Nilisfaeinrv, »n<l that the graduntioii with suljihurii' scid 
mav be ronsiiloreil as eomjih'te, when in two test sjiei-iint'iis of iht cl«r I 
liltraie a similar slight dcffrec of eloudineiis is produced bv Ihp cUo- 
ride of bwium, and by the sulphate of potash. Mulder first calM ■ 
attentioD to this neatral poiD^ prodaced in the graduation of silver Ij I 
chloride of soilium. 

B. Prfjiarotim n/thf Khtions. — a. Chlvriiie of6arivM-foitilu».— 
"Hiis solution is concentrated so that 1 C. C. of it contains wactl; 1 
10 luilligrammcs of sniphnric acid. It is prepared by dissolnf 1 

30o grammes of crystallised chloride of' 
Fia. 24. rinra, powdered and air-dried, and dilot 

Ihc solution np to 1 litre. 1 C.C. (' 

equals 10 milligrammes of anh^rdroiuj 

phuric acid. 

i. Sulphate of j>otati-«duliai 

lutiou should be exactly c 

solution of chloride of b 

pared by dissolving 
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md tlie mixture aJlowe-d to stsiict until tlie sulphate of baryta is 
le^MMited. If rapidly bwoniea denre when heated to boiling, and is 
rfferwartls perfectly precipitated. When the fluid has become clear, 
uotber cubic centimetre of the cliloride of harium-Holution is added j 
10 or 12 drops of the mixture are then heated and filtered through 
s small filter, into a narrow tube about two inches long, and tested, 
jft order lo ascertain whether or not a further precipitate Tnay be 
Bbtained by chloride of barium. If the precipitaf* takes place, we 
pQuui add to another specimen a. few drops of sulphate of potash- 
'lolution, and thereby lenni whether or not an excess of baiyta-solo- 
tion has been added. If in the first specimen tested a distinct 
doudiness has been caused by (he baryta* solution, the fluid is 
poured back into the flask, the filter and tube washed with a 
fitUe water, and the washings added to the urine. Should, up 
to Uiis |K)inl, about 8 C. C. of the chloride of barium-solution 
Inve been used, 1, 2, 3, or 4 more cubic centimetres are added, 
Vccording to the degree of reaction which follows, wliich may be 
radily Icanjt after a little practice, from obaervalion of the amount 
hf cloudiness which occurs in the first specimen tested. Tlie 
'inisture is then heated until it becomes clear, a few droj)3 again 
flhered off for testing, and the operation continued until no further 
'iiondiuess appears in the filtrate on the addition of chloride of 
" barium. If this point is reached after the employment of 13 C. C, 
I mkI if an excess of baryta is distinctly shown in a new specimen 
' by soJphute of potash, we know that the true point must lie 
between 12 and 13 C.C., and that the 100 O.C. of urine must 
' therefore contain between 120 and 130 milligrammes of sul- 

t>haric acid, 

I We then measure ofl" another 100 C. C. of urine, treat them with 

20 to SO drops of hydrochloric acid, add at once 12 C.C. of chlo- 

tWe of barium -solution, boil, and test a few drops of the filtrate 

, with A C.C. of baryta-solution. If a distinct cloudiness imme- 

I diktety appears, the filtrate is added to the original fluid, A C.C, 

of baryta-solution added, the filtrate again tested, and the operation 

. repeated until it is found tiat only a slight degree of cloudiness 

' appears, several seconds after the addition of the chloride of bnrium- 

Iwlution. A second specimen of the filtrate is next tested with a 
few drops of sulphate of potash -solution, and here also, if we find 
that a alight cloudiness arises in the course of several seconds, iJje 
neutr^ point is attained, and the graduation complete. 
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OF SUGAR IS THE URINE. 

B. /Vocsw.— In this process we make use of the apparatus siiown in 
Pig. 25. From 20 to 30 C.C. of urine are introduced into the flssk, a, 
a little welUwashed (and so-callpd) dried yeast added to it, to- 
gether with a small qnantitr of tartaric acid. The flask is then 
omted by the bent tube, e, with the flask, B, which is hnlf-fiUed with 
CODoentiatcd sulphuric acid. Tiie tube, a, in the flask, 4, is closed 
■bove by & bit of was, and the apparatus accurat«Iy weighed. It is 
tiien subjected to a temperature of about 15° to 25'' C. (59" to 77° 
JUir.). Fermentation thereupon aoou sets in, and carbonic acid is 





developed. The gas goes off by the tube, c, and passes throogti tJ 
aolphuric acid in the flask, b ; being thus completely dried, it escapes 
tbrough the tube, d, which may be united with a small V-shaped tube, 
containing chloride of calcium, in order to prevent any moisture 
from the air being absorbed by the concentrated sulphuric acid in B. 
The fermentation is usually completed in the course of two or 
three days ; carbonic acid ceases to be given aS, and the whole 
of the sugar is decomposed. The flask, a, is genily heated to drive 
off any carbonic acid which may be refiuned in it, and a little air is 
then sacked out of the apparatus at a, through a hole in the cork, 
uutdl it no longer tastes of carbonic acid. The apparatus is then 
once more weighed. The loss of weight gives us directly the quan- 
tity of carbonic acid which has been formed during the decomposition, 
and from this wc can readily calculale the corresponding quantity of 
sogar contained in the urine — 48-8D parts of carbonic acid exactly 
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correspondiug with 100 parts of diabetic sugar This method is 
easily practised, though it requires a length of time for completion; 
but it is liable to several errors. In the first place, according to I 
Jacquemert, normal urine, when treated with yeast, gives off a 
small quantity of carbonic acid ; and then again urine itself, as well 
as yeast, contains some free carbonic acid. The last source of 
error may be removed by adding a weighed quantity of yeast to the 
urine, and ascertaining by a separate experiment how much car- 
bonic acid the yeast itself will give oS. This quantity of carbonic 
acid must then be subtracted. 

If the urine contains albumen, the albumen must be coagulated by 
boiling, otherwise putrefaction may occur, and this is of course 
attended with development of gas. According to Lehmann the addi- 
tion of tartaric acid prevents other kinds of decomposition, and also 
promotes the vinous fermentation. 

Lehmann proposes to determine the quantity of sugar in the 
urine, not directly, after the manner described, but by precipitatmg 
it first of all in the form of potash-glucose by means of caustic potash 
from an alcoholic solution, and then subjecting this to fermentation. 

The researches of Pasteur show, that during the fermentation of 
the sugar, amylic-alcohol, butylic-alcohol, and even succinic add 
are formed, as well as carbonic acid and alcohol. Consequently, the 
amount of carbonic acid is no positive measure of the quantity of 
the sugar; and this may explain the circumstance, that many 
chemists have always found less sugar in diabetic urine by the 
employment of the fermentation test, than by means of Fehling's 
excellent process. Fehling^s method is decidedly the best. 



section lxvi. 

Determination of the Quantity op Iodine in the Uiune. 

As it is in many cases a matter of interest to ascertain the quantity 
of iodine in the urine, when any preparation of iodine has been 
taken, the volumetrical method proposed by Kersting for this object 
is here introduced {Annalm der CAemie und Piarm,, Bd, 87, 
p. 81). 
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*. TUtwy, — This method is based on the fact, that the wliole of 
the iodine is separated from a solution, even moderately dilute, of 
waj metallic salt of iodine, bjf distillation with sulphuric add, so 
that, if the distillation be carried on long enough, not a trace of 
iodine will be left in the residue. The quantity of iodine which 
pawees over with the difitillate is measured by a standard solution of 
proto-chloride of palladium. 

If, for instance, a solution of a metallic salt of iodine is mixed with 
KB excess of the proto-chloride of puUadium-solution, and a little 
hydrochloric acid added, at a temjierature of from 60" to 100° C- 
(140° to 212° Fahr.) iodide of palladium will be formed in the 
course of a few seconds, and on shaking the mixture, will separate in 
black curdy flocculi, the supernatant fluid remaiuing perfectly clear 
Rod colourless. But if the iodide be in excess, the separation takes 
pUce much more slowly, and the iodide of palladium is partly de- 
posited as a dark layer firmly adherent to the side of the glass. 

For this reason, in estimating the iodine, we must not add the 
palladium -solution to the fluid which contains the iodine, but we 
must measure off a given quantity of the palladinm-solution, and 
then find out the number of cubic-centimetres of the fluid to be 
tested for iodine, wliich suffice for the eicact precipitation of the 
known quantity of palladium-solution employed. As the mixture 
by beat and agitation becomes nearly absolutely clear, and as the 
presence of &om n to m milligramme of iodine may be shown by 
pidladinm ; and as on the other hand, .mm part of palladium yields 
a distinctly brown colour with iodine — the calculations, as 1 found, 
made with pure iodide of potassium and proto -chloride of palladium- 
volutions, both of known strength, came out very accurately, 

B. Preparalioiii of the solution*. — 1. Standard solution of iodide 
o^ jx>ltutiufn. — This solution must contain exactly liat of iodine, and 
is readily obtained by weighing off 1*308 gramme of pure iodide 
of potassium heated (o redness, and free from iodate of potash, dis- 
solTing it and then diluting the solution op to a litre. 1 G. C. of 
this solution contains 1 milligramme of iodine, as 1'308 gramme 
of iodide of potassium exactly corresjjonds with 1 gramme of iodine 
(lae-aS : 165-99 = 1 : J- = 1-30S). 

This solution serves for the volumetrical determination of the so- 
lution of proto-chloridc of palladium. 

2, Jcid tolution of pTuio-ehloride of palladium. — a. The salt of 
palladium is prepared Irom the metal. Ono gramme of palUdium, 
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! of palladium, and require just tlie quantity of any iodine- 
Mlutton of uaknown strength, which contains I1'9 mill ig rammer of 
iDdJne. In this way the amount of iodine contained in the whole 
of the fluid may be easily reckoned. 

c. ProceM. — In order to ascertain the quantity of iodine present 
m tlie urine, it is first of all neeessary to sejiarate it by distillation 
with sulplioric acid. For this purjiose the apparatus here repre- 
aeoted is used. (Fig. 26.) 

Fig. 26. 




a is a glass-flask, containing about 300 C.C.; it is united by 
s bent glass-tube, with a Liebig's condenser, ce, in wliich the 
rspour is condensed, and from whence it passes into the glass, d, 
which act* as a receiver. If the urine contains a distinctly appre- 
ciablo amoniit of iodine, we measure off from 51) to 100 C. C. of it 
with a pipette, and introduce this quantity into the flask, a, which is 
placed in cold water ; we then carefully drop into it 20 C. C. of 
pure concentrated sulphuric acid free from iodine, taking care to 
avoid the development of a great heat. The flask is then fixed 
to the condenser, and the distillation of the fluid carried on until a 
white vapour of sulphuric acid begins to show itself in the neck of 
the flask. 

U, however, the urine contains only a very small quantity of 
iodine a measured quantity of it, say 200 to 260 C. C, is treated 
with an excess of oiustic potash, and then distilled down to about 
20 or *0 C.C. The distiUatc conUins no iodine. 20 C.C. of 
c«tceDtrat«d sulphuric acid are now cautiously added to the residue 
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10 cqiDvalenta of protoxide are tlicreb; converted into peroside 
IT, now, the strength of the permanganate of potash -so iution 
VaaiWTi, we can thereby easily calculate any unknown quantity of 
(which roust necessarily exist in solution as protoxide), by mea- 
Uk volnme, which exactly suffices for its oxidation. I'he corn- 
point of the operation is clearly indicated by the bright-red 
of the whole of the fluid, which is produced even by one drop 
iganate of potAsb added in excess. 
Prtparaiion of the aoluUona. — 1. Solution <f pervtaiiifanale of 
. — A hiitbly concentrated solution of 10 parts of hydrate of 
is addefJ to 8 parts of peroxide of manganese and 7 parts of 
ile of potAsh well-mixed together, and the mixture evaporated 
the mass is then put into a crucible, and gently heated 
to a moderate red-beat, nntil all the chlorate of potash is decom- 
The green mass thus obtained, rubbed up with water, is 
until the green colour of the maiigaQat« of potash has passed 
the violet colonr of peraianganale of potash, peroxide of man- 
being separated. The precipitate is separated by decantation, 
the clear solution, which must be filtered through asbestos, pre- 
ferred in a well-closed bottle. 

The strength of the permanganate of potash -solution must be 
aaoertained before every experiment, for, in spite of the greatest care, 
it is liable to undergo a change. The volumetrical analysis of it ia 
wry mmply performed with a solution of ferrocyanide of potassium, 
10 equivalents of which arc converted into 5 equivalents of ferridcy- 
uiide of potassium by 1 equivalent of permanganic acid. Conse- 
qnently, 1 equivalent of ferrocyanide of potassium (2ir2) corre- 
tpoods with 1 equivalent of iron (28). 

2. Solution of ferroiyaitide of po/aititim. — 7"543 grammes of 
pure, dry, crystallised ferrocyanide of potassium, corresponding with 
1 gramme of iron, are dissolved in water, and the solution diluted 
to » litre, 10 G.C. of this solution correspond exactly with 0-010 
gnmme of iron. The solution must be kept in a well stoppered 
botUe. 

Oradaation of lie permanganate of potask-tolution. — 10 C. C, 
of the ferrocyanide of potassium-solution (corresponding with 10 
mtUigrammes of iron) are measured olT with the pipette, diluted 
with about 50 C. C of water, and acidified with hydrochloric 
ftcid ; the glass containing the mixture is then placed npon a sheet 
of white paper, and the dilute solution of permanganate of potash 



I w woue 




lie QDAKTITATIVE DETEftMlNATION 

dropped into it, shakiDg the mixture from time to time, 
jellowish-red colour of the fluid annoimces the completioD 
optration. If 20 C. C. of pennangsnftte of potash- solution haval 
used in this operation, 1 C.C. of it will correspond with 
miUigramme of iron. The expeiimrat should be confirmed by s 
second expehnwnt. 

A mlntioQ of oxalic acid, containing 11 25 gnunme of crystalliaed 
oxalic add in a litre, and corresponding viih 1 gnmme of iron,vilI 
save for the same pnipose. 10 C. C. of this solution, correspondii^ 
with 0010 gnmme of iron, are measured off, and heated to boiliBg 
treated with a little dilute sulphuric acid, and graduated with t)» 
permanganate of potash -solution until the red colour appears, lia 
volumeemplojedfor this purpose will correspond withO'OlO 
of iron. Of these methods, 1 prefer Ihe last. 

c. Ffocest. — Id order to ascertain the quantity of iron in tbe 
uriiie by this method, it is necessary to evaporate the mine, and ban 
off the organic matter. For this purpose 100 C.C. of mine 
evaporated to dryness in a platinum basin, and heated to peifeci 
carbonization ; the ash is then burnt until the whole of the carlwa 
is driven off, and the residue has become perfectly white. Wha 
cool ihe saline ma^ is dissolved in hydrochloric acid, and heated; 
wat^r is added to it, and the solution carcfolly poured into a flask 
which will hold from about ItlO to 150 C.C. 

Before the graduation can be effected the iron, which exists as per- 
oxide, must be reduced. A little sulphite of soda is therefore added 
to the hydrocldoric acid solution, and the solution boiled until the 
fluid becomes colourless, anrl no trace of sulphurous acid can be dis- 
covered in it. Having ascertained the strength of the permanganate 
of potash-solution by means of the oxalic acid-, or ferrocyanide of 
potaasium-Bolution, we dilute the solution of iron to about 60 C.G, 
and when it is perfectly cool place the glass containing it on a sheet 
of white pa{)er, and drop into it the permanganate of potash-solutioii 
until the fluid assumes a pale rose-red colour. If, now, 1 C.C. of 
the permanganate of potash -solution corresponds with 00005 
gramme of iron, and if 3 C. C. were employed in the operation, the 
100 C.C, of urine will contain 3 X 0'6 milligrammes of iron 
= 0'0015 gramme. The quantity of iron thus obtained multiplied 
by 1 '43 gives the corresponding quantity of peroxide, and multiplied 
by r286 the corresponding quantity of protoxide. 

This method is good, and gives accurate results. It must be 
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mbered, however, that the red colour produced by the last 
pidded, disappears after a little time, and may so le&d the incau- 
■ observer into error. 



SECTION LXVin. 

Deteeminatios op the Uric Acid in the Ubine. 

, Prfcipilation by hgdrochlorie aciil. — 200 C. C. of nrine are 

luced into a small beaker-glaas, and 5 C, C, of pure hydro- 

c acid (sp. gr. 111} added to it ; the mixture is well stirred 

It A glass rod, the beaker-glass covered with a glass-plat«, and 

1 to stand at rest in a cellar at as low a Icmperatore as pos- 

B for about twenty-four or tliirty-six hours. At the end of this 

, the uric acid is found separated in the form of more or less 

' crystals. These must be collected on a weighed filter and 

As, however, paper is very hygroscopic, the weight of a dried 
S]l«r cannot be directly determined, We, tlierefore, in this as in 
•Q other cases in which substances, whose quantity is to be ascer- 
taiiied, are collected on weighed filters, make use of a simple 
imngerocnt which fully answers the purpose. Two wiitch-gl asses 
(Fig. 27, bb,) ground at the edges and exactly fitting to each 
■Uier, are firmly held together by a brass clip, a a, so that a filter, 
«, Ijing between them ia hermetically enclosed. The two watch- 
l^iwm with the filter lying 
OB tbem and the brass-clip ' ~ ' 

■R inbi>duced into the drying 

_ ■CT Mitua (Fig. 10). When 

MHb baa been kept for som^ 

^^Kli a temperature of lOO" 

■■^IS" Fabr.) the watch- 
^■11 rn containing the filler ore laid together, the clips clipped over 
them, and when cooled iu the sulphuric acid apparatus (Fig. 11], 
are weighed. 

The uric acid is collected on a filter thus dried, in tlie following 
way. Tlw crystals on the surface of tlic fluid arc first poured off on to 
the filter, and the remainder of the urine, which is generally clear, ia 
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100° C. [Zir Falir.) until (nfter being <lned over oil of lifll 
it ceases to lose iu weight. " 

Great care must be taken that the dbiimeti is not dried np 
into a hornv mass, with « dry crusted surfac*, which sometima 
happens, in consequence of too large a quautitf of it being em- 
ployed. In such case some of the moisture remains enclosed within 
it, and takea a long time (six to eight hours) before it is driven off« 
100°C. (212°Eahr.). 'fhe drying operation can only be considered 
as complete, when the filter and its contents, weighed at dilTciwit 
intervals of the drying, give the same results. By abstracting the 
original weight of the watch-glasses and the filter from the weiglt 
thus obtainudj we learn the quantity of albumen present, and on 
thereby calculate the quantity for the whole of the urine. 

Two sources of error are connected with this method of dctcnrnn- 
iug the quantity of albumen. In the first place, the alhumn 
during its coagolation, abstracts from the urine a part of its colaut- 
ing-mnttcr, which cannot be afterwards separated from the albutnea 
even by long washing with boiling water. Hence the aibtuneo 
is in most cases when dried of a yellow, or rather of a browni^ 
colour. This cause of error is, however, very insignificant, and need 
not be taken into consideration. In the second place, earthy phos- 
phates are frequently separated with the albumen, and conaeqaentjj 
the quantity of albumen appears too great. If, therefore, voj 
accurate calculations are required, the dried and weighed aJbumcD 
must be burnt with the filler in a platinum capsule of known wei^iti 
and all the carbon driven off by heat, — which may be readily effected 
in a capsule inclined at the proper degree. The increase of Ihe 

' weight of the capsule, minus the known weight of the ash of 
filter, gives the ash-contents of the weighed albumen, whid 
be subtracted from the quantity of albumen as first obtained. 

In most cases this additional process is not required, 
fully satisfied myself, that the quantity of nah obtained from 
men coagulated out of sufficiently diluted acid urine, is very 
and has scarcely an appreciable influence over tlie result. 

20 C. C. of highly albuminous urine arc diluted with 
C. C. of water, in a beaker- glass, and coagulated in a water-bath. 
The ooagulum is collected on a folded filler, thnroughly washed awl 

I dried at 100" a (212'' Pahr.), until the weight is conatanl. 

I Hibnmen weighed 0-3673 gramme, which for the whole tinintT>J 

I hoars' quantity of urine (1050 C C), gave 18'76 grammiw. 
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cineration, and deduction of the ash of tlie filter, 00013 gramme 
ash reionioed to rrpresent the albumen. After subtracling this, 
; twenty-four lioiirs' quantify of urine amounted to 1 8'69 grammes 
stead of 1^76 grammes, a» first obtuined. 
&. Folumdtrieal Atialy*U.^7'/'e<ny. — Tliis method, proposed by 
based upon the fact, that albumen ia completely pre- 
\tmted from an acetic acid solution by ferrocyanide of potassium. 
Dcording to Biideker, one equivalent of albumen (C,„ U,,, N^^ 0„ S, 
liv. 1012) requires for ita precipilflLion one equivalent of ferro- 
nide of potassium (Equiv. 211). 

i. Prfjiaraliou iif the Jerrocyanide of polaanitvi- solution . — I'SOO 
of chemically pure ferrocyanide of [lotassium, air-dried, 
id which has not effloresced, ia dissolved in water, and the mixture 
toted up to u litre. 1 C.C. of tlu's solution precipitates U.Ol 
of albumen from an acetic acid solution. 
ProeesK. — The filtered urine is mixed with an equal volume of 
ic acid (concentrated acetic acid), and a burette filled with the 
txture. Six filters, made of carefully selected paper, are prepared 
', being placed on fuimels, sprinkled with acetic acid, and 
■shed tliree or four times with boiling water. The subsequent 
tration is thereby rendered more rapid and complete. 
6 G. C. of the albuminous solution are then mixed with 5 C. C, 
the ferrocyanide of potassium-solution, and the mixture, after a 
[^ and thorough shaking, poured upon the first filter. If the 
Tocyanide of potassium is in excess, the mixture passes through 
a filter clear, is of a pale yellow, and the filtrate is not precipitated 
■ ferrocyanide of potassium; but it is precipitated, or rendered 
Doculent, by the albuminous solution. If the albumen, however, 
I excess, the filtered mixture is somewhat cloudy, or it passes 
■ly, and theu it is found that the filtrate is rendered cloudy or 
ipitated, not only by the ferrocyanide of potassium, hut also, 
curiously enough, by the acid albuminous solution. Too 
mch of the albnminous-solution, however, must not be added to 
specimen of the filtrate, which is tested for an excess of ferro- 
puide of potassium ; for in such case the precipitate of hydro- 
ItTOCTanide of albumen is completely dissolved in an excess of 
)Unien. 

According to the result obtained from the first tested specimen, a 
Kind one is prepared, in which either the quautily of albuniiuous 
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BolutioD, or of the ferrocyanide of potassium-solution added is 
doubled. In this way we proceed until we find that the boIu- 
tion, of which too little has up to this time been added^ is in 
excess. Each new testing, with an intermediate quantity, lenden 
the limits narrower and narrower, until the experiment is sufficiently 
accurate. Earely have we to make more than five or six experiments; 
and if we only desire an approximate idea of the quantity of tbe 
albumen in the fluid, three, or at most four, tests suffice. 

Example. — 50 C.C. of albuminons urine are diluted to four times 
their volume by the addition of 150 C. C. of dilute acetic acid : 



The fbnr tfauM 
dilated urine. 


Ferroeyanide of 
Potaanum. 


The filtnte g»ire— 
Alhmnen. PotunviL 


1. 20 C.C. - 

2. 20 C.C. * 


5 C. C. » 
- 10 C. C. - 



• Precipitate - 


- 


Preeipitilflb 



3. 20 C. C. - 


. 7-6 C. C. - 





- 


dondineH. 


4. 20 C, C. . 
6. 20C.C. - 
6. 20 C, C. - 


- 8-8 C. C. . 
. 9-4 C. C. - 

r 9-1 C. C. . 



• Slight oloadiness 



- 


Turbiditj. 





In controlling these results, it was found that — 

(After a flliort 
time, optl- 






esoenoe. 



( After a short \ 
8. 20C.C. - - 9-2C.C, - - j time, opal- J 

( esoence. ) 

Thus, 20 C. C. of the four-times diluted urine, or 5 C. C. of the 
original urine, contain (according to the 6th testing) 10 x 9*1 = 91 
milligrammes of albumen, from which the whole quantity contained 
in the twenty-four hours' urine may be readily calculated. 

This method yields only approximate results, consequently the 
process by weighing is preferable to it, and if accurately carried 
out, after the manner already described, is both convenient and 
safe. 
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SECTION IJLXI. 

LIME AND MAGNESIA. 
X Dbtbeminatiok of the Limb ik the Ueinb. 

A. Votumelrical melAod. — Theory. — This method of estimating 
Uine in the urine ia founded on the fact, that the whole of the 
t is prccipilated as an oxakte by oxalate of nmuionin, from a 
lutioii of phosphate of lime rendered acid by acetic acid ; and that 
of lime passes at a red-heat into the form of carbonate of 
and caustic lime, nhose amount may be ascertained by standard 
Mods of hydrochloric acid and soda. 

, Preparation of the tolutioni. — 1. Standard hi/drofklaric 
.^Bach C. C, of hydroohloric acid-solalionj employed for the 
of estimating the lime, should be ao prepared as to corrc- 
id exactly with HI milligrammes of lime. Consequently, 1 
Ire of the acid should saturate 1(1 grammes of lime, or 1893 
unmea of carbonate of soda. To prepare this solution we weigh 
two portions — about 1 to 1"2 gramme — of pure carbonate of 
U, which has been previously heated to redness. Each portion 
dissolved separately in water in a flask, and heated to boiling, 
er fldding a few drops of tincture of litmus ; dilute hydrochloric add 
then added until the blue colour has passed into a pale red, 
tail does not disappear with continued boiling. The object of 
-. boiling is to drive off the free carbonic acid, in order that the 
mge of the wine-red (produced by the carbonic acid) into the 
■]e red, may be distinctly seen. 

The otperimcnt is repeated with the second portion of carbonate 
f aods, and by taking the mean of the two results we ascertain the 
Bantjtj of hydrochloric acid in a litre. If, for instance, we find 
1 litre of hydrochloric acid corresponds with 41'6 grammt« of 
krbonate of soda, 157 C.C. will saturate exactly 189 grammes. 
r, thervfon?, we measure off 457 C. C. of the hydrocliloric acid thus 
proved, and dilute it up to a litre, the ncid will have the desired 
toength. 1 C. C. corresponds with 00I8B gramme of NaO.nO^ 
with 0-010 gramme of CaO. Tlie accuracy of the dilution 
iioald be ascertained by a confirmatory testing with carbonate of 

11 
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2. Standard sodn'Solulion. — ^The soda-solution must accuratelv 
correspond with the hydrocliloric acid, that is to say, 10 C. C. of it 
must exactly saturate 10 C. C. of hydrochloric acid, so that on the 
addition of the last drop of the 10 C. C. of soda-solution, the red 
colour of the hydrochloric acid shall pass into a clear blue. Especial 
care must be taken that the soda-solution is ])erfectly free from 
carbonic acid, other>rise the change of colour will not be distinctly 
marked. 10 C. C. of hydrochloric acid are measured off by the 
pijK'tte, and introduced into a beaker-glass, and coloured with a few 
dro[)s of tincture of litmus. The soda-solution is then added until 
the mixture turns blue. 

Suppose 8 C. C. of soda-solution have been employed to the 
10 C. C. of hydrochloric acid, we measure off 800 C. C. of the 
soda -solution, and dilute up to a litre. Equal volumes of the two 
will now exactly saturate each other. The correctness of the dilu- 
tion should be proved by a second trial; if, after the last drop of the 
10 C. C. of soda-solution has been added, the red colour of the 10 
C. C. of hydrochloric acid changes into a clear blue, the soda-soluiion 
is fit for use. 

c. Process. — 100 to 200 C. C. of the previously filtered urine 
are accurately measured off with a pipette, and introduced into a 
beaker-glass ; ammonia is added until a large precipitate is thrown 
down, and the precipitate then rc-dissolved by the careful addition 
of acetic acid. From the acetic acid-solution (which must con- 
tain but a few drops of the acid in excess) thus obtiuned, the lime is 
thrown down by oxalate of ammonia, and the glass allowed to stand 
(covered) in a warm place, until the whole of the precipitate has 
been deposited, and the supernatant liquor has become perfectly 
clear. 

In most cases the clear fluid may be drawn off by a syphon in the 
course of six or eight hours, and when this can be done without 
loss, it saves the trouble of filtering. The remains of the fluid, 
with the oxalate of lime, is poured on a smidl filter, free from 
lime, and thoroughly washed with hot water. The filtrate and the 
water washings are to be set aside for the calculating of the 
magnesia. 

The filter, still moist, is, with the precipitate, now placed upon a 
small platinum crucible, dried, and heated, until the whole of the carbon 
is consumed. The lime, which is in part in a caustic state, is carefully 
introduced into a small flask, 10 C. C. of the standard hvdrocldoric 
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add iidii.-rl, :iml carefully lientetl, until fhc whole of il is dissolved, 
and the carbonic acid driven off. The solution is then coloured of 
■ light red by the addition of four to six drops of tincture of litmus, 
ftnd the free hydrochloric acid saturated with the standard sodn- 
solntion until the blue colour returns. 

If, at this point, we subtract from the 10 C, C. of hydrochloric 
acid which have been added, the number of cubic centimetres of 
ndft-solutiou cmjiloyed, we obtnin the number of cubic centimetres 
which hove been saturated by the lirne, cath cubic centimetre 
Gorrc9|K>nding with 10 milligraninies of lime. Thus, if we multiply 
by 10 the number of saturated cubic centimetres of hydrochloric 
■cid, we obtain directly the per-centage quantity of lime in the 
urine, provided 100 C.C, have been employed in the experiment. 
(8e« Analytical Proofs.) If we wish to reckon the lime as phoa- 
phstc, theu 1 C C. of hydrochloric acid corresponds with I8"45 
nuUigrainmes, 3 CaO, PO^. 

J)etermination ofihe lime 6j/ weight. — We proceed as before, pre- 
eipHsting the lime as an oxalate from 200 C C. of filtered urine, 
addulati'd with acetic acid. The oxalate of lime, well washed and 
dried, is removed from the filter into a platinum crucible, and 
exposed for some time to a strong red-heat, the filter being also 
minced to on ash. When the crucible is cool, the lime, which bas 
been iu part brought to the state of caustic lime by the beat, 
is tlien moistened with a few drops of pure sulphuric oci<l, the 
cracdblc being closely covered, in order to prevent any loss. 
On being ngain bented, the lime remains as sulphate. The crucible 
is then tJIowed to cool and is weighed. By subtracting the weight 
cf tlie crucible and the ash of the filler, we obtain the quantity of 
Bolpbate of lime, and from this may calculate the corresponding 
quantity of phosphate of lime.— The conversion of the oxalate of 
lime into sulphate of lime, by heating it witb pure sulphate of am- 
nonia, is more convenient than the evaiwrating and beating with 
sulphuric acid. [SckriiUer.) 

As tliree equivalents of sulphate of bme correspond with one 
equivalent of phosphate of lime of the composition 3 CaO, P0„ we 
nnlliply the quantity of sidphate of lime obtained by tii^ 0*7608, 
■nd thus obtain the corresponding quantity of phosjilinte of lime. 
If, on the other hand, we wish to calculate the sulphate of lime as 
OiO, we multiply tlie quantity obtained by n'4>118. 



I 

I 
J 
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II. Drr£BMn(ATio>' of the [^Iagnesia. 

1. B^ WeiffkL — The fluid which has been separated by filtration 
from the oxalate of lime^ is treated with ammonia until it jjelds an 
alkaline reaction ; in this way the whole of the magnesia is thrown 
down as ammonio-phosphate of magnesia. The precipitate, after 
being left at rest for some hours^ is collected on a filter (whose ash 
is known), and well washed with water, to which one-fourth of 
ammonia has been added, and dried. The precipitate is then 
removed as completely as possible from the filter, and put into a 
weighed platinum capsule. The filter is folded up, a fine platinum 
wire twisted spirally round it, and burnt in the outer portion of 
the flame. 

By this process the operation with the phosphate of magnesia, 
which is otherwise very tedious, is much simplified. The ash, in a 
very short time becomes perfectly pure and white, and when the 
combustion is complete^ is added to the precipitate. The crucible 
is then covered with the lid, and exposed for some time, first to a 
very gentle heat, and afterwards, the lid being removed, to bright 
redness. It is then cooled over sulphuric acid and weighed. 

Organic matters, and particularly uric acid, are always mixed with 
the arnmonio-phospliate of magnesia, thrown down in this way, and 
they produce a carbon diflicult of combustion; consequently, 
it is necessary to expose the precipitate for a long time to a red 
heat in an open crucible. For this purpose, it is convenient, after 
burning the filter in the manner described, to lay upon the ammonio- 
phosphate of magnesia contained in the crucible, a small bit of ni- 
trate of ammonia moistened with a drop of water, then to dry ; heating 
at first very gently, and at last to redness. The carbon now completely 
disappears, and we thus readily obtain the phospLite of magnesia as a 
dazzling white mass. The ammonio*pliosphate is converted by heat 
into II pyro-phospliate of magnesia (2 Mg O, P O^). 

After abstracting the weight of the crucible and of the ash of the 
filter, the remainder, added to the quantity obtained of the phos- 
phate of lime, gives the entire quantity of earthy phosphates in the 
urine examined. If we wish to calculate the pyro-phosphate of mag- 
nesia as i)ure magnesia (MgO), we must multiply the quantity 
obtained by lYr, that is, by 0*3604; 111 of pyro-phosphate of mag- 
nesia corresponding with 40 of pure magnesia. 
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^_ i. The earthy phosphates may be more conveniently and quickly 
^Bj^Craiiiied id two different quantities of urine in the following 

^^m. The quantity of phosphate of lime (3CaO, PO,) contained 
b 200 C. C. of filtered urine is accurately determined in the manner 
dcKtibed (St'ction lxxi. c.) — 1 C. C. of saturated hydrochloric add 
tosicaponds with 1S'15 miUigrammes of phosphate of hme. 

i. Other 200 C. C. of filtered urine are precipitated with ammo- 
nu, and BL't aside for six or twelve hours in order to allow of the 
oomplelc separation and precipitation of the whole of the earthy 
phosphates. The fluid is then removed, as f ar aa possible, with a 
•jphou ; the precipitate collected on a filter the weight of whose ash 
is knowii, and washed with auimuiiiuted water (3 parts water to 1 part 
Mmnonia). I'he process is then completed as described under the 
head of Magnesia (Section Lxsi. II. 1). 

This second estimatiuu gives the whole quantity of the earthy 
phosphates {i AlgO, P O, and 3 Ca 0, P OJ cotitaiued in the urine. 
If we subtract therefrom the phosphate of lime contained in the 
iiritK! first examined (a), the remainder will represent the quantity 
of phosphate of magnesia in the urine. 

3. By volumetrical analyti*. — Tlie magnesia is precipitated by 
BOUDOuia from 200 C. C. of urine, after the lime in it has been first 
separated by means of oxalate of ammonia. In the course of a few 
hours tlie ammonJD-phosphate of magnesia is collected on a small 
filter and washed with ammouiated water. The filter ia then broken 
with a glass tod, and the precipitate washed through into a beaker- 
glass and dissolved in acetic acid. Should (as often happens) a little 
uric acid remain behind, it is beat separated from the solution by 
filtmtiun. The quantity of phosphoric acid in the fluid thus ob- 
tained is then accurately determined (see Section uti. C, i). The 
quantity of phosphoric acid obtained, multiplied by U'563, and 
tlie corresponding quantity of pure magnesia (MgO) multiplied 
by 1"66S, give the corresponding quantity of pyro-phosphat« of 
mngoesia. 

m. Indirect DEXERUiNAnoN op the Limb and Phosphate of 
Magnesia. 

Iq indirect analysis no aclnul separation is aimed at, but other 
conditions are obtained, by means of which the acids and bai 
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found ill combinatioii can be calculated. If, for examplej we Tisli 
to determine potash anil soda together^ the aualysis may be conducted | 
in such a manner that both of them are converted into sulphaUs. ' 
By weighing these sulphates, and determining the quantity of sol- 
phuric acid contained in them, we can calculate the quautity oftoAi 
and of potash. 

The same holds good as regards the Ume and magnesia, combined 
with phosphoric acid in the urine. To carry out the calcnlalioii, 
the earthy phosphates in two specimens, each of 200 C. C, of thefil- 
tercd urine are pr(ci|iitatcd by ammonia, and the fluid filtered oS 
in the course of a few hours. In one specimen the weight ia ma- 
lytically determined as described above (Section lxxi. II. 1). The 
other specimen is washed into a beaker-glnss, dissolved in acetic 
acid, and the phosphoric acid in it tlien vohimetrically determined ' 
(See Section i^i. o. i). The results arc then calculated for ibf 
twenty-four hours' urine. We now know : — 

a. The sum of the earthy phosphates 

3 Ca 0, PO. J . ,, . . , . , . 
9 M n PO ) '° twenty-four hours unne. 

5. The sum of the phosphoric acid corresponding with the twenly- 
four hours' lime and magnesia. 

An csample will best explain the calculation. 

Suppose the above calculations had shown that the twenty-fmr 
hours' urine contained 1 gramme of earthy phosphates, and that Uk 
phosphoric acid combined with the earths amountetl to 0'579 gruniae. 
The quantity of phosphate of lime and of phosphate of magncsa 
may, consequently, be obtained in the following way : — 

If all the phosphoric acid had been combined «ith the lime, the 
earthy phosphates would weigh 1'264 gramme, acconliug to the 
following proposition : — 

71 : 155 : : 0-579 : a-. 

(Equiv. P 0,) Equiv. 3 Ca 0, P 0. f Q^^^tilJ «f pl«*- M 

* ' ' ( piionc acid foand, ^H 

^ = 1'264 gramme. ^H 

As, however, the whole of the earthy phosphates weigh leas (vie, 
1 gramme), phosphate of magnesia is present, and foriiia a propm^ 
tionaie part of tlie dJiTerence 

1-264 — 1-000 = 0201. 
This quantity of phosphate of magnesia is obtaiued in the followiog 
way: — 
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11 : : 0204 : r. j- = 0-666 gramme 2MgO, PO^. 
c have :■ — 

^ whole of the earthy phosphates - . . . = I'OOO gramme. 

B celcukted quantity of ptioaphate of magnesia = 0666 gramme. 

Remains, therefore 3 Ca 0, P Oj = 0-3S4 gramme. 

torn these details the following short method of calculation, 

iable in all cases, may be deduced i — 

i phosphonc acid contcnta of the mixture are multiplied by 

SI, the sum of the earthy phosphates abstracted from the product, 

^UK remainder multi]}lied by 25227 ; in this way is obtained the 

e of magnesia contained in the mixture. 

r we represent the sum of the earthy phosphates obtained hy 8, 

Ethe phosphoric acid obtained hy P, the calculation may he 

y expressed in the following formula : — 

(PX 2-1831 -S) 2-5227. 
31, if we vish to calculate the lime and magnesia in the 
itieB of phosphate of lime and phosphate of magnesia obtained, 
e the following formula ;— 

3CqO, P0». 0-5420 =CaO. 
2MgO,PO,. 0-3604 = MgO. 



SKCTtON LXXIt. 

DerEEicniATroN op TrrB Ammonia m tbb Urine. 

t Theory. — This method of determining the quantity of ammonia 

, first proposed by SclUi*«ing, is founded on the fact : 

n aqueous solution containing free ammonia, loses its ammonia 

wration in the air at ordinary leniperaturcs, and in a com- 

^pStivcly short space of time, and that dilute sulphuric acid 
kbaorlKi the wholti of the ammonia contained in a clotted space. If, 
llwrcfon', we place an aqueous solution of ammonia togetlier with a 
measured quantity of standard sulphtiric acid in a closed space, the 
whole of the ammonia will in a short time enter into combinatliin 
with the sulphuric acid, and saturate an equivalent amount of it. 
B qtunlity uturatcd may be reiutily n»cerlaiiied hy the volumetrical 
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determination of the non-saturated portion of the sulphuric acid with 
a standard soda-solution. 

B. Preparation of the solutions. — 1. Standard sulphuric acid,-^ 
Fourteen grammes of hydrated sulphuric acid are diluted ^ith £00 
grammes of water ; and when the mixture is cool, we ascertain in 
the usual way by two experiments with 10 C. C. of urine, tlurough 
precipitation with chloride of barium, the strength of this dilute 
acid. If the two analyses agree, we may accept the result as correct. 
If, for example, we find that 1 C. C. of the diluted acid contain 
0*505 gramme of sulphuric acid, they will then be exactly saturated 
by 0*2146 gramme of ammonia (NHJ. Consequently, 1 C. C. of 
the dilute acid corres{>ond9 with 0*02146 gramme of ammonia 
(N H,). 

2. Standard soda-solution. — We ascertain the volume of a care- 
fully prepared solution of soda, free from carbonic acid, which is re- 
quired to saturate 10 C. C. of the standard sulphuric add. For this 
purpose, 10 G. C. of the standard sulphuric acid are introduced into 
a small beaker-glass, a few drops of litmus-tincture added, and the 
soda'solution dropped into it from a pipette; until the fluid becomei 
blue. If 30 G. C. of soda-solution have thus been used, we knov, 
that each cubic centimetre of it corresponds with 0*00715 gramme 
of ammonia, because 10 C. C. of the sulphuric acid (corresponding 
\vith 0*214j6 gramme, N H^) have been exactly saturated by 30 C.C. 
of soda-solution. 

c. Process. — A flat glass or porcelain cup — a beaker for instance 
about one inch high — is placed upon a plate of ground ghiss, which 
is smeared with grease; and 10, or what is better, 20 C. C. of 
urine, which is to be tested, freed from mucus by filtration, intro- 
duced into it. A triangle, made of a glass rod, is then laid upon 
the cup, and upon the triangle is placed a flat shallow vessel contain- 
ing 10 C. C. of the standard sulphuric acid. A bell-glass ha>-ing its 
edges ground, and smeared with grease, is then placed over the 
apparatus, so as to enclose an hermetically confined space. The 
whole apparatus is displayed at Fig. 28. 

To perform the operation, the bell-glass is raised, and a sufficient 
quantity of milk of lime (10 C.C.) is added quickly to the urine 
from a pipette, and the glass cover immediately replaced. In the 
course of forty-eight hours the whole of the ammonia is driven otf 
from the 10 or 20 C.C. of urine and absorbed by the sulphuric 
acid. By volumetrically measuring the non-saturated sulphuric 
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a with Boda-solntion, we ascertain the quantity which has been 




3 in saturating the ammonia, and, consequently, the quantity of 

'a in the 20 C. C. of urine. 
BxampU. — 10 C.C. of sulphuric acid = 0505 gramme, S0^ = 
B146 gramme NH,. The same also reijuire 30 C. C, of aoda- 
lotion; hence 1 G. C of soda'solution corresponds with ""^ ^= 
00715 gramme, N H . 

At the end of the experiment, we find that 26 C. C. of sodn^ 
lation have been required in the process. Consequently, a quantity 
N H, ia developed, corresponding with 4 C. C. of soda -solution. 
1 20C.C. of urine, therefore, contain 4 X 000715 = 0-02B0 

e of N H, = 1-43 gramme, N H, p. m. 
My own experiments show that ^sh healthy unne does not nn- 
rgo alkaline fermentation in forty^eight hours, but these experi- 
BDts must not be tfiken as true in all cases, for as we well know, 
J kinds of urine very soon become alkaline. It is, therefore, 
j3 better to make a counter experiment, by placing a similar 
kantity of urine, to which milk of lime has not been added, in a 
Bond apparatus, and obseTving what changes take place in it. If 
find that the urine readily undergoes decomposition, it is then 
inble, first of all, to separate the colouring and extractive matters. 
d for this purpose we prepare a mixture of a solution of sugar of 
1 and basic acetate of lead — an e^jual quantity of each ; measure 
^.0. C. of the urine, and add to it an equal quantity of the lend 
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I in the form of potasao-chloride of platinum, is placed ou 

er, washed with alcohol aud ether, dried, imd humt together 

h the fiher ; hydrochloric acid is then added to it to exinict its 

bble part ; the reinfiiiiing platinum coUected on a filter (whose ash 

■faioffu), dried, heated to reduess, aud weighed. 

ly deducting the ash of the filter wc obtaia the ijuantity of 
inum, which corresponds with the quantity of potash. The 
tnce between this quantity of platinum, and that which was first 
lined, corrcaponds with the quantity of auimonia. TIius, for 
mple, if we find the lotal quautity of platinum to he 0-1980 
mme for the potash and ammouia. iu 30 C. C. of urine, and {in a 
Xind calcuJatitiD) the quantity for potash only 0'1330, the quautity 
ich remains for the ammonia is 0'065 gramme of platinum (0-1980 
0-1 330). 

100 parts of platinum correspond with 17182 parts of ammonia; 
iqnently 0-065 platinum {100 : 17-182 ; : 0-065 ■.t)x = 0-0110 
monia in 30 C. C. of urine. 

In like manner we reckon, from the quantity of platinum employed 
■•epanttng the potash, the quantity of potash present in the urine ; 
"3 parts of platinum corresponding with 47'61 ports of potash. 



SBCrilJN LXXIV. 



DETEttJHSATlON OK THE PoTASU AND 1 



i Soda. 



A. Direct delerminafion. — 30 C. C. of arine are mixed with 30 
C. 0. of haryta-solutiou {composed of 2 vols, of barytA-wnter and 1 
»oL of cold saturated solution of nitrate of haryta. See Section LX., 
a. 3.} The mixture is allowed to stand for some time, and filtered; 
40 C.C. of it, corresponding with 30 C. C. of urine, are then 
measured off, and evaporateil to dryness in a platinum capsule in a 
water-hath. The residue is then heated, at first gently, and then 
stronglv, and the heat continued until the greater part of the car- 
bon haa undergone combustion. 

The operation is facilitaled hy moistening the burnt mass 
will) tl little pure nitric acid; but we must guard against over- 
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li(»ating, lest a portion of the metallic chlorides be thereby dnTen 
off. 

The residual mass is then extracted with boiling water, tnd 
treated (without previous filtration) with a solution of carbonate ol 
ammonia as long as a precipitate is thrown down, the mixtoie 
filtered, and the precipitate thoroughly washed, and the filtrate, acidn- 
lated \iith hydrochloric acid, evaporated to dryness in the platimim 
capsule. The residue, when thoroughly dry, is heated, to drive off tlie 
ammoniacal salts, but very carefully, in order that no loss mar 
result from decrepitation. The residue is again dissolved in a little 
water, and a few drops of ammonia and carbonate of ammonia 
added, the mixture filtered, the precipitate carefully washed, and 
the filtrate again evaporated to dryness in a previously-weighed 
platinum capsule. The thoroughly-dried residue is gently heated 
to drive off the ammoniacal salts, left to cool in an exsiccator, and 
weighed. 

We thus obtain the whole of the potassium and sodium in comr 
bination with chlorine. To separate the two, the alkaline chlorides, 
when weighed, are dissolved in a little water, bi-chloride d 
platinum added in considerable excess, and the mii^ture evaporated 
almost to dryness in a water^bath. Theresidue is then treated with 
spirits of wine (80 per cent.), and allowed to stand for some hours, 
being frequently well shaken. As soon as the whole of the sodio- 
chloridc platinum is dissolved, and the supernatant fluid has a 
deep yellow colour — a sign that sufficient bi-chloride of platinum 
has ^been added — the potasso-chloride of platinum is separated 
by a filter, which has been weighed and dried at a temperature 
of 100^ C. (212° Fahr.), washed with spirits of wine, dried at 
100" C. (212° Fahr.) and weighed. 

The corresponding quantity of chloride of potassium is calculated 
from the potasso-chloride of platinum obtained (100 parts of the 
potasso-chloride of platinum corresponding with 80*51 parts of 
chloride of potassium). By subtracting this chloride of potassium 
from the whole sum of the alkaline chlorides, we obtain the quantity 
of chloride of sodium as the difference. 

The quantity of chloride of potassium obtained gives the corre- 
sponding quantity of potash when multiplied by 0*631 7 ; and the 
chloride of sodium multiplied by 0*5302, the corresponding quantity 
of soda. 

B. Indirect determinatiofi of the potash and sod^i. — This method 
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iT dctenuining the pobish and soda is not as accnrote as the former. 
%c {iriaciplc of this indirect method of analysi§ has been atreadjr 
E^Uined. {SectioD ucxi., m.} When the total quantity of the 
diloridr of potassium and chloride of sodium has been accurately 
dftemiinpd by weighing (as described under a), the saline mass ia 
£»citv('d in water, the solntiou poured into a beaker-glasf', the cup 
Uiorongbly washetl wilb wat«r, aTid (after the addition of a few 
drops of neutral chromate of potash -a o)ii( ion) the total quantity of 
Ifae chlorine determined by a standard si her- solution. [Section 
Lviii., II.) If we know the total amount of chloride of pota^Jum 
wid chloride of sodium, as well as the total amount of chlorincj the 
qoniitit? of potash and eoda may be thereby determined. 

Tlic total quantity of chlorine is multiplied by B'lfl29, tbe sum 

tbe metallic chlorides deducted from the product, and tbe re- 

ia mnlripbed by 0-38288. We thus find the quantity of 

]oridc of sodium contained in the saline mass, and this, subtracted 

the sura of the metallic chlorides, gives the amount of chloride 

'potassium. 

Cltloride of potassium X 0'63I7 ^ potash. 
Chloride of sodium X 0"5302^soda. 



section lxiv. 

Deteenimtion of thk Cahbonic Acid in the Ueink. 

I According to llarchand {Juumal fur Tract. Chtmie., Bd. 44, 
L p. 253), the free carbonic acid in the urine may be estimated in the 
■ IbQowing way : — About 100 C. C. of the urine to be tested are put 
■'into B glass flask, which is closely fitted with a doubly -perforated 
■coA. lliTough one opening a tube is passed, which ibps into the 
" wine, and which at the other end is drawn out into a fine and 
Radily-fusible point. Through the other ojiening in the cork a 
\ doulily-beut tube is passed, one leg of which is introduced into 
empty lliisk, through a well-fitting cork, Tliis flask is con- 
IBected by a similar tube with a second Oask filled with clear 
rbujtji wntc^r, which again ts connected in a similar way with one 
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or tiro other flasks half-filled with barvta water — ^the last of then 
being coiinecti;d with an air-pump. 

\VIien the ai>])aratus is prepared^ the urine is heated in a water- 
bath to 51 »- or 6m- C. (122' lo UO' Tahr.), and the air slowlj 
pumped out. The fluid soon begins to boil and distil over into 
tlie empty flai^k, a elouiliness of carbonate of baryta appealing in 
the bantu sohition. In the eourse of a half or three-quarters of 
an hour, ilu* tiue extremity of the first tube is broken off, and air 
drawn througli the apparatus. The preeipitated carbonate of 
baryta is then carefully Altered, and, after washings dissolved in 
hydrochloric acid, preeipitated agiun by sulphuric acid, and then 
weighed as sulpliate of baiyta. From the quantity thus obtained 
wu reckon the amount of carbonic acid in the urine. 



section lxxvi. 

Determination of the whole op the Nitrogen in the Urixe. 

The urine contains nitrogen under several diflerent forms, as in 
urea, uric acid, creatine, the ammoniacal salts, &c. It is of impor- 
tance in certain physiological inquiries to be able to iiscertain the 
total quantity of nitrogen passed by the urine with these different 
compounds. This can only be done by the way of so-called elemen- 
t^iry analysis. And here we meet with certain difficulties, inasmuch 
as the urine cannot be dried without losing some of its nitro- 
gen. These difficulties have been very ingeniously met by Karl 
Voit, whose method is here described. 

A. Theorif, — All organic nitrogenous bodies which do not contain 
the nitrogen in the form of nitric acid (and it is with such bodies 
that we have to deal in the urine), are decomposed when exposed 
to a red heat, with soda-lime, all their nitrogen passing off in the 
form of ammonia. The ammonia is readily absorbed by standard 
8uli)huric acid, and may be then determined by volumetrical 
measurement. 1 equivalent N II, = 17, corresponding with 1 equi- 
valent N = 14. 

B. Preparation of the solutions, — 1 . Standard Sulphuric Acid, — 
The sulphuric acid which serves for this purpose must contain 
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1 gramme of oi! of vitriol in 100 O.C. 12'6 gminmes 
oQ of vitriol are weighed and diluted up to & litre. The quantity 
•oljiliuric Bcid in each SU C. C. of tliis dilute acid is then deter- 
bed hy precipitation with chloride of barium (see Section Lxxii.j 

I). 

If, for instance, we hare ascertained that each 100 C.C. of the 

id contains 10 gramme of sulphuric acid, then this quantity will 

ind with 0'425 gramme of ammouioj or with 0-35 gramme 

nHzogeo. Conaequenlly, 1 C.C. oi the aulpliuric acid corre- 

li with 0'00+35 gramme of ammonia, or with 0-0035 gramme 



2. Standard toda-tolulitm. — This solution must be of equal 

lahte with the sulphuric acid, that is, equal volumes of both must 

etlj saturate each other- 20 C. C, for example, of the dilute 

I, slightly reddened with tincture of litmus, must be exactly 

"led by 20 C, C. of soda-solution, free from carbonic acid, 

that, on the addition of the last drop of the 20 C. C. of the aoda- 

in, tlie red colour of the sulphuric acid passes into a clear 

lue. (For the preparation of so da -solutions, see Sections Lxxi., 

B. 2, and lxxii., b. i.] 

C. TAe diaiilling ajiparatvt. — The neck of a amall tubular retort 
of hard glass, the bulb of which is about 6 centimetres deep, and 
'fi centimetres broad, ia bent at a distance of about 10 to 11 ceuti* 
netres from the bulb, at a right angle, aud this part is then drawn 
oat over the lamp iulo a tube 8 or 9 centimetres long, and of 03 
eenlimetre diiuiietcr. This part of the neck of the retort, bent at 
■ right angle, is fitted into a cork, which is iLicd in a small glass 
fluk capable of holding 130 C. G. The cork has two boles in it. 
Iluough one passes the limb of the retort, which must be only 
raised a few milliinetres from tlie bottom; and in the other hole a 
^ssa rod is fixed bo as to open above the level of the fluid. The 
■ppustus most he made air-tight ; and this may be easily proved 
hj filling the flask with water, and sucking air from the retort 
tbtuogb the glass tube, if it be properly closed, the fluid will rise 
IB the neck of the retort, and remain some time at the same level. 

». PrwccM.— 100 C.C. of the ddute standard sulphuric acid are 
iatroduced into tlie flask ; and the bottom of the rclort is covered, 
to the depth of about i'h centimetre, with soda-hme, recently 
beated to redness. 1'he apparatus is then fixed together, 5 CO, 
o( ariue, iicciinit«]y measured, are poured U|>on the soda-lime, and 
(h« elopptr quickl.V inlroduwid. The suJu-limc mUsV \ic 
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in quantitv to absorb the vhole of the urine^ so that no fluid lenuani 
standing above it. The mixture rapidly becomes warm^ ani 
bubbles of gas rise up through the sulphuric acid ; when the add 
tegius lo j>a5s back up the neck of the retort, the retort is hdd 
by the Land over the gentle flame of Berzelius spirit-lamp. Mow 
gas-bubblcs are thereby develoi^ed^ and this is continued until the 
development of gas becomes strong, when the heat is suspended 
for a few minutes. 

Great care must be taken not to apply too great a heat; the 
greater part of the water passes ofT very quickly from the urine, 
but is deposited in the neck of the retort. And here commences 
the most ditficult part of the operation — the distillation of it 
over into the sulphuric acid. If the quantity of watery vapour 
given off is ven' great, a vacuum may be formed in the retort in 
consequence of the condensation of the water by the sulphtuic add, 
and the sulphuric acid thus rush back into the body of the retcot 
Hence, as soon as this return of the fluid commences, and it invari- 
ably occurs, the retort must be quickly brought over the lamp, and 
strongly heated. In this way the last portion of the water in the 
mass passes over with a slight frothing of the soda-lime. 

When the whole of the water is driven off from the retort, and 
has been taken up with a loud absorjition by the sulphuric acid, 
the development of the gas proceeds very steadily and regulailv. 
The bottom of the retort, as high up as the soda-lime, should be ' 
now surrounded with a close-fitting fine wire-gauze, to prevent | 
any bursting, and exposed to a strong heat. Tlie mixture thereupon 
first becomes black, and as the fire gets stronger, bums whiter, ; 
retaining only a reddish shade. 1 

When the gas-bubbles begin to pass off slowly, care roust be ^ 
taken to prevent the sulphuric acid getting back into the retort. 
When, therefore, the acid begins to rise, the fire is removed, the 
glass-stopper taken out of the retort, and air drawn by means of 
the glass tube tlirougli the apparatus. The combustion is now 
complete ; the contents of the flask are washed into a beaker-glass, 
a few drops of litmus tincture added to them, and the non-saturated 
portion of the sulphuric acid measured with an equivalent quantity 
of the soda-solution. 

Krample. — 1 C. C. of sulphuric acid = 0*0035 gramme of nitro- 
gen. The quantity of urine passed in 24 hours, 1200 C. C. In 
the process 6 C.G. of urine are employed. Of the 100 CO. of 
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'huric acid, 30 C C. are saturated by volumetrical measure- 
t with the soda-solution. 

C. C. solpliuric acid = 30 X O'OOa-0 gramme = 0-105U 
me uitrogen. 

L The toUl quantity of nitrogeu parsed with the urine in 24 hours : 
5 : 0-1060 : : 1200 : j: = 23-2 Krammes. 



SECTION LXXVII. 
DrTEILMINATlON OF TUB FaT IN TUB UeiNE. 

Fat is not usually found in tUe urine, except in very small quan- 
tities, and it is only iu the uiost exceptional cases that we have to 
aicertain ila qnantity. If such a calculation, however, be required, 
WB must eviiporate 80 to 30 C.C. of urme to drj-ness iu a water- 
bnUi, and dry the residue thus obtained for a long time in an air- 
balb, at a temperature of 110° C. (230= Falu-.). To extract thi: 
itt from this residue, ether is poured over, and carefully mixed 
with it, and the mixture, frequently shaken, allowed to digest for 
MUe lime. The clear ether is then poured off into a hght glass 
tube, which has been weighed ; fresh ether is then added to the 
residue, and the operation repeated so long as auythiug is taken np 
liy Uie ether. The ethereal extracts are then evaporated in the 
.^iM cyUnder, and the residue which remains is calculated as fal. 
' II most be observed tUat when the urine contains free lactic 
acid, the weight of the ethereal extract of the residue will be thereby 
iDcreased — free lactic acid being itself soluble in ether. It is advis- 
able, therefore, to wash the residue repeatoUy with wal«r, until it 
oeawa to take anything up, and then to proceed to the drying and 
weighing. 
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THIRD PART. 



SYSTEMATIC DESCRIPTION OF THE PROCESSES EMPLOYED 
IN THE QUALITATIVE AND QUANTITATIVE ANALYSIS 
OF THE URINE. 

SECTION LXXYIII. 

L QuAUTATiVB Analysis. 

The qualitative analysis of the urine is carried out in two different 
ways^ according as we desire; Ist^ to ascertain the absence or the 
presence of any one particular normal or abnormal constituent of 
the urine ; or^ 2ndly^ to obtain a complete account of the qualitative 
constitution of the urine as passed at any given time. 

In the first case, a few tests only are required; but, in the 
second, it is advisable to pursue the plan pointed out as applicable 
for the analysis of single constituents of the urine. 

Such a ])lan is given in the following section. All the normal 
constituents of the urine, as well as the most important and most 
common of its abnormal constituents, are taken into consideration. 

With regard to those which are seldom met with, and those which 
require large quantities of urine for their investigation, the reader is 
referred to the chapters which treat of them in the First Part of this 
work. As the special processes requisite for the investigation of all 
the different constituents of the urine have been already given at 
length in the First Part of the work, it will only be necessary here to 
give in a tubular form the operations required ; referring to the First 
Part for the particular methods of carrying them out. 
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SECTION LXXIX. 

A. Phocess to bb followed in thk Examination op the 
Soluble Constituents or the Uiune. 

1. The reaction of the urine is first tested with litmus paper. 
a. If the urine is acid, and contains uo sediment, we proceed as 

lescribed under 2. 
j. If the urine ia acid, and contains sediment, we allow the 
to subside, poar off the clear urine, filter if necessary, and 
test as described under 2. Tlie sediment is to be examined 
licroBCopicaily. (See Section lxxx.) 

r. If tlie urine is neutral or alkaline, there will generally be a 
Bdiment in it; the sediment is to be tested microscopically (Section 
3tx.), and the filtered urine aa described under 2. 

2. A small qu;mtity of the urine, rendered acid (if it is not 
brndy so) by a dro|> of acetic acid, is heated lo boiling. If a 
Engulum is formed, which does not disappear on the addition of 
itric acid, it most probably consists of albumen. Wo now separate, 
y boiling, the whole of the albumen (Section xix. c.) from a 
Bger quantity of urine (500 to 600 C.C.), filter, and treat ihe 

Wtnte as described under 3. 

' As a confirmatory test, the reaction with nitric acid will serve. 
KBee Section xn. b. 10). If the quantity of albumen is very 
■b>1I. the nitric acid is carefully covered with a layer of the urine to 
■e tested. In this way a well-delined, ring-shuped cloudiness is 
■nxloced, c\-cii when mere traces of albumen are present. (See 
Section xix. k.) 

The coagolum thus obtained is either white, greenish, or redilish- 

a. If viilr, it consists of pure albumen. 

6. If greenith, wc may suspect tluit it contains some biliary 
itten, especially if the urine itsi-lf he likewise deeply tingetl. 
bctiiHi XXIV.) 

f. If reddUh-brinon, we may suspect the presence of blood in it ; 
id io «ich case must carefully test the sediment. (Section iJixx.) 
he dried coagulnm ia treated with alcohol and a few drops of 
Btphnric acid. If the fluid, after filtration, lias a reddivli colour, it 

evaponrtwl to dryness and heated to redness; the residue is boiled 
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with water^ to which a little hydrochloric acid has been added, and 
the solution filtered and tested with sulpho-cyanide of potassium. 
If a red colour appears^ the presence of iron is indicated^ and shovB 
that blood is probably present in the urine. 

Hfemaliiie in solution is tested by Heller's method. (Section 
xuii. B.) A specimen of the urine is heated to boilings concen- 
trated caustic potash is added, and the colour of the fluid observed, 
as well as the colour of the earthy phosphates which are separated 
in thick flocculi, after the fluid has stood at rest for a short time. 

3. From 400 to 500 C. C. of clear urine, or of urine from which 
the sediment or albumen has been separated by fiUrationy are 
evaporated in a water-bath to the consistence of a thick syrup, and 
the residue obtained divided into 2 parts — J and |. 

a. The one-third of the residue is extracted with strong alcohol, 
the undissolved portion allowed to subside^ the solution filtered, the 
residue again washed once or twice with strong spirits of wine, and the 
solution tested as follows {aa) ; and the residue as described under r. 

aa, A small quantity of the alcoholic solution is evaporated nearly 
to dryness in a water-bath, and the residue tested for urea, by adding 
nitric or oxalic acids. (Section ii. d. 9, a and J.) 

bb. The greater part of the alcoholic solution is treated with a few 
drops of milk of lime, and afterwards with a solution of chloride of 
calcium as long as any precipitate is thereby tlu'own dowTi. The 
filtrate is evaporated in a water-bath to 10 or 12 C. C, introduced 
into a beaker-glass, and treated when cold with \ C. C. of an 
alcoholic solution of chloride of zinc. The mixture, after being 
well shaken becomes first of all cloudy, and then throws down 
creatinine-chloride of zinc. The precipitate collected in the course 
of a few hours is then tested microscopically. (Section iii. c. 1.) 

b. The two-thirds of the residue arc slightly acidulated with hydro- 
chloric acid, rubbed up with powdered sulphate of barj'ta, and then 
extracted with alcoholic. The alcoholic solution is employed in test- 
ing for hippuric acid, as described in Section vii. e. 1. 

The crj'stals thus obtained are examined microscopically {PlaU L 
Fig, 1), and as far as the materials serve, chemically also. (Section 
VII. D. 7.) 

r. The residue which has been obtained by treatment with alcohol 
(as described under a) is put into a basin with dilute hydrochloric 
acid (1 part acid and 6 parts water), and the undissolved portion 
separated by a small filter. 
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aa. The hydrochloric acid solution conlainH the earthy phosphates 

kd other salts; the pho3j>hate3 are precipitated by neutralising the 
■emotion with nmiuouia. 

h6. The residue contains mucus and uric acid. After woahiag 
i^ the 61ter is perforated, and the residue washed (by a apirl- 
boUle) into a sinail tesr-tube, 2 or 3 drops of soda-solution added 
(o it, uid heated, atid tillered. 

•■ The undiasolved residue is nmcus. 

fi- The filtrate cnntains tlie uric acid, and when treated with 
bjdrocldoric acid thrown it down in the fonn of crystal?, which are 
Iheu tested by the microscope. (Section vr. c.) The rGmairider is 
dissolved in nitric acid, carefully evaporated to dryness, and sub- 
jected to the action of ammonia. {Section vi. b. 1, a.) If a 
poiplft-viulct colour appears uric acid is undoubtedly present. 

d. The alcoholic extract of a large quantity of urine is required 
in testing for lactic acid. (Section xxvi. c.) 

4. From 8 to 4 C. C. of fuming hydrochloric acid are mixed in a 
test-tube with 20 to 24 drops of the urine to be tested. If uro- 
xaiithine is present, the mixture will in a short time become of a 
tiolet-red, or of an intensely blue colour. If the reaction does not 
follow on account of the minute quantity of uroxauthine present, it 
may often be produced by the addition of a few drojra of strong 
nitric acid. (Section ix. 3. c.) 

5. If the urine has more or less of a deepish brown or green, &c., 
colour, if it froths much on being shaken, and imparis a yellowish 
or greenish tinge to a piece of til tenng- paper dipped into it, it 
■dlonld be tested for bile. 

, A small quantity of unne is poured into a conical-shaped 
glaas, and nitric acid containing nitrous acid is dropped into it 
'ilfaout shnking. (Section xiiv., a.) If, in flic lower part of the 
Said a colour arises, wliich passes through the shades of green, blue, 
knd violet, into red, and finally into yellow, the presence of the brown 
bile-pigmcnt, choU^yrrliine, is shown. 

If there are only mere traces of bile-jiigment present, the nitric 
add iihonld be carefully covered with a layer of the urine to be 
tested ; or the bile-pigment must be previously separated liy means 
of chloroform. (Section xxiv. b.) 

b. A second portion of tlie urine is precipitated with basic acetate 
of Ind, the precipitate collected on a filter, washed, dried, and treated 
wilk alcohol, to which a few drops of sulphuric acid have been 
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added. If the fluid after filtration has more or less of a green tinge, 
bile-green, biliverdine, is present in it. (Section xxiv. a. b.) 

c. Id testing for bile-acids 300 to 500 C. C. are evaporated in t 
water-bath, and the alcoholic extract employed. (See the process, 
Section xxv., TesL) Pettenkofer's test is tried, as there explained, 
in a porcelain basin. 

6. To test the urine for sugar : — 

a. From 15 to 20 drops of the urine in question are diluted with 
4 or 5 C. C. of water, } C. C. of caustic soda is added, and a very dilute 
solution of sulphate of copper then dropped into the mixture. If 
sugar is present, red suboxide of copper is immediately separated 
when the mixture is heated, but without heat only after long stand- 
ing. (Section xxi. d. 1.) 

As confirmatory tests we may use : — 

a. The potash test. (Section xxi. n. 3.) 
^. Tlie bismuth reaction. (Section xxi. n. 2.) 
y. The indigo-reduction test. (Section xxi. c. 7.) 
3. The silver-reduction test. (Section xxi. c. 10.) 
*• The fermentation test. (Section xxi. c. 9.) 

b. If the reactions given under a are not decisive, if in fact only a 
trace of sugar is present, we must first of all separate it in a pure 
form (Section xxi. d. ii.), and subject the solution so obtained to 
the tests here given. 

7. If the urine has an odour of rotten eggs, or renders brown 
or black a piece of paper moistened with acetate of lead (Section 
XXXI.), the presence of sulphuretted hydrogen is shown. 

8. To test the urine for inorganic matters a portion of urine (40 
to 50 C. C.) is evaporated to dryness, mixed with 1 to 2 grammes 
of spongy platinum, and gently heated until the whole of the carbon 
is driven off. (Section liii. 2.) The residue is then boiled with 
water, and the solution filtered and tested as follows : — 

a. A little of it is rendered acid with hydrochloric acid, and 
chloride of barium then added to it. A white powdery precipitate 
shows the presence of sulphuric acid. 

b. A second portion is made acid with nitric acid, and a silver- 
solution added to it. The presence of chlorine is shown by the 
formation of a white curdy precipitate. 

c. A third portion is treated with acetate of soda, acetic acid, and 
a drop of solution of perchloride of iron. The formation of a whitish - 
yellow gelatinous precipitate shows the presence of phosphoric acid. 
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i. The remainder of the watery solution is evaporated to dryness, 
1 a portion of the saline mnss heated to redness oii platinum-foil in 
I centre of the flame. A yellow colour on the outtT part of tlie 
int of the Hame indicates the presence of goda. 
e. The rest of the saline mass {obtained as described under d) is 
eolved in a few drops of water, and chloride of platinum added, 
le presence of poioj^A is shown by a yellow cr}*stalline precipitate. 

If the watery extract of the platinum -containing ash of the urine 
Ids in it lime or magnesia, which we may readily leahi by testing 
th phosphate of soda and ammonia, they must be lirst of all 
parsted by the ordinary analytic process (see Fresenius's Qualila- 
te Analysis, 11th Ed.), before we proceed to test for potash and 
ida. In most cases, however, the wat-ery extract has an alkaline 

iction, and does not contain any of the earths. 

9. Tlie residue treated with water {see 8) is heated with hydro- 
iloric acid, filtered, washed, and then tested as follows : — 

0. A small portion of the solution is boiled with a drop of nitric 
id, and sulphocyanide of potassium added to it. The presence of 
M ia shown by the development of a red colour. 
i. Tile rest is treated with an excess of acetate of soda, and tested 
r time with oxalate of ammonia. 

0. All the lime is precipitated, the fluid separated by filtration, 
id ammonia added to the filtrate. A white crystalline precipitate 
■mmonio-phosphate of magnesia shows that magnesia is present. 
Uost of these tests {S and 9} may be applied to the filtered urine 
its original state; hut the results necessarily come out ranch 
>re clearly and distinctly from tests applied to the ash of the 
ine. 

10. In testing for nmmoniacal salts, 50 to 100 C. C, of urine are 
Bated with milk of lime in a flask, a piec« of moistened Inrmeric- 

^)Cr being suspended in it by me^ins of a cork. If ainmoniacal 
'te are present, the paper soon becomes brown. {Section xvii.) 

11. The presence of iodine is best shown by distillation of the 
rine with sulphuric acid. {Section Lxvi. c.) The distillate 
btained, after separation of the sulphurous acid, may be tested for 

lino with a few drops of starch-solution, and careful addition of 
lorinated -water, or what is still belter, of red fuming nitric acid, 
latead of using the pallndinm-solution. (Section mvi, c.) Tlic 
qoaulily of iodine gives rise to the formation of blue iodide 
>t4ircb. 
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1£ A -UT^ 7ZLizr,^,j :•:' rrzit » rfTtirni hi testing for plienjlic 
b.::. • •..; j^*? ::-ij. -: > :•: '> Zf:«zr5^ SMtion Tm.) 

\,'jrry. iz.i t'eixior hcibs MSt odIj found in decomposed 
jj^.. Tiii t-sK ?azzj:« be tnis^ed if less than 5 or 6 
y.zrjif ".■: i^^-r ir* «•-: jij^ia, Bmioic icid is best obtained from 
civ.*o: -srz*^ Tiiii rjis 'Lr»i^2oce fomentation. To separate 
:Lrs^ c<\:iii: 1:12* wc n:L?s prc^^eo as described. (Section xxni, c, 
&:.<i XXIX. h. 

] 4. B-TTTi? irii i« ruv-lr m« viib ia the mine. We mast pro- 
fj^-si. :rA tje*T:a2 f.r h,. according to the process described. (Sedion 
xxTUi.) Woecerer i; i* possible, scTeral pounds of nrine should 
be emplojed in the operaiion. 

15. Inosiie has hiiheno been only fonnd in the urine in cases 
of morbus Brightii and diabetes. (Section xxiu. d.) 

16. For allantoine, see Section xxxn. e. 

17. large quantities of nrine are required in testing for xanthine. 
(Section v. d.) 

18. Leucine and tyrosine have been fonnd in the urine in cases 
of acute atrophy of the liver, in tvphus^ small-pox, &c. It is 
probable that urine of this kind also contains valerianic acid. See 
Section xxxiv. e. 



SECTION LXXX. 

n. MiruoscopiCAL Characters of Urixary Sediments. 

1 1\ tasting for urinary sediments, it is nccessarj' to know whether 
tli(! urine hns just been passed, or whether it has stood some time, 
and is undergoing or has undergone the changes which result from 
Km fiTinrntation. We then-fore prove its reaction, allow the sedi- 
ment lo subside (■omi)letcly in a closed glass, pour ofl'the supernatant 
fluid (whirli is lo be tested according to Section lxxix.), and then 
\)\iuv a drop of lh(^ sediment on the object-glass. If the quantity 
(if urine is small, it is allowed to stand in a champagne-glass until 
it. be(*()nu'M elenr, the supernatant fluid is then removed by a pipette, 
and a drop of the sediment (collected from the pointed bottom of 
\\\v glass) placed on the object-glass. 
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If the qunntilj of urine is large — the 24 hours' urine — it is left 
■t rent in a covered glass, the clear 6aid after a time drawn off with 
S lyphoii, til" remainder poured into n champRgne'glasa, and the 
ive proccFS then carried out. The drop placed on the object- 
is of thn tricroKope is ahghtly compressed by the covering-glass, 
I wfsU'mnticalty investigated, the whole of it being carefully sub- 
JRtfd to inspection. Several drops should be tried, one after the 
olber, and it is advisable to take them from different layers of the 
•efiment, as some kinds of sediment sink more rapidly than others. 

When it can be done, two microscopic investigations should be 
Bade: firstly, of the urine soon after it has been passed; and, 
•eoondly, vheu it has stood 24 hours. Oxalate of lime, for example, 
ia^ generally speaking, not found in fresUly-iiassed urine, appearing 
ooiy some hours after it has been passed. We should use powers 
of from 6(1 to 80 up to from 3fl0 to 400 diameters. If the urine 
been filtered in order to separate the sediment, and the sediment 
titea removed by scraping it from the tilter, care must be taken that 
fibm, &c., of the paper are not mistaken for cons<iluents of the 
aediment. 

A. Acid urine. — 1. Amorpkout aediment, formed in part of irregular 
isses, or arranged in branched moss-like rows of exceedingly small 
gnniOes. A drop of it is heated on the object-glass : 

, If complete solution follows, the presence of wratet is indi- 
cated. When it has cooled, a drop of hydrochloric acid ia added, 
and it is allowed to stand for a-qnarter or half-an-hour. If in this 
time rhombic tables of uric acid are formed, (he proof is obtained. 
TatU I. Fig. 2. 

In most cases sediment of this kind consists of aeid urate of 
todOj and is recognised by its reddish colour. Plate II. Fig». 
1^2. The sediment is tested chemiciUy as described. Section 
xnvn. 

With these sediments are very frequently associated crystals of uric 
acrid and of oxahile of lime. FlaU I. Fig. a, and Plate 11. Fig. 4. 
(Ser K.) 

h. If the sediment does not dissolve when heated, but dissolves in 
acetic acid willmnt eirervescenee, it most probably consists of ph<m- 
pkttte of time. We decide its nature by chemical tests. {Secliou xxxix.) 
e. If wo tind in the amorphous sediment, minute shining silvery 
drops, si nil I gly. refractive of light, which dissolve in ether, the pre- 
aenoe ot/al is indicated. (Section xxx.) 
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'^.. -»•-;• . r.-.'-^ :f "inv .c ltizl'-'iu. X:c izfr?i:~ez:> solitary 

r^;.': ^ r*r"v,.*a'>:';: '/.:.£ --.'.iiir :: >i.: t"i-!z :«::!--.i Tith ; lumbate 

d. i'n>i::''iO: '4rA '.r.rTi -K^ls^^^zi^r-i CTV5-.i!5, ^r.:.h lie 5ome of 
th'ffi ^fyirrf:ij. h.:A -a::.^. r,i th^n: •»:■;'- :?.•::: r- iL-ea ciirremities' 
*/i r|;^.j,r,^#ri a=» to form rrjore or l'=*r t a circ-'-. c rifi>t of ph'^iphtit'* 
nf liifif, f.S"/^'-Io:. xwvx, 2.; Trie arine coi.tair-iii.: Ll.om has usually 

/'. M':;ivv '/loliiihir irrariules of a sreenish-broini colour, ami with 
II nfilhilr vxyAwWwM'. structure, may consist of ^»;r':^^nt\ A solution 
of it, ill ;inirriOMi;i, whrrTi ?aturrited with acetic acid, throws down 
itn rli;ir;i't'TiHtif; ^^roups of long, sliining needles. (Section 

XXHV. w.) 

'\'\\v diir«Ti'ni clif finical nartions may be employed, if doubts 
rxi^t. (Sirtioii xxxiv. c. 2, 3, 4.) 

Ilriiif wliirli ronbiuM tyrosine verv often also contains bile- 

/; Ili|)|iuri(: ncid in very ficldom met with as a sediment in the 
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rtn of uevdles or of rhombic prisnifi, wliich are readily sulubie iu 
3it^ water. (Section yu. b. d.) 

8. Sediaient eimtaining organic bodie». — a. Wound shred?, formed 
ivgulariy disposed rows of fine points or granuies, consist of 
Bgolated mucui, and are often accompanied with urate of soda. 
]ati! II. Fig. 2. (Section xui.) 

Tbese must not be confounded with so-called urinary cylinders. 
n e. (iSectioa xLv.) 

&. Small, contracted, granular corpuscles, generally united by their 
iden into overlapping groups, are mucM-curjiMdes. (Section xm.) 
iaie IL fy. 3. 

c Circular, slightly bi-concave discs, with a yellowish tint, which 
rell out on the addition of acetic acid, and then more or less 
pidly dissolve, are bUiod-eorpusclet. Plate III. Figi. 1^2. 

Particular attention should be paid to the distended spherical 

nuB, as well as to the angular, jagged, and hacked forms. (Sec- 
Da IlLiii.) 

"When blood is present, the urine contains albumen. 

d. Pale, round, in distinctly -granular vesicles of various sizes, 
bich swell out considerably under the action of acetic acid, lose 
lelr granular form, and often present nuclei of different forms and 
rouptngs, are pua-celU. (Section xuv.) Plate HI. Fig. 3. 

use bodies caunut be distinguished from mucus-corpuscles, either 

emically or microscopically. 

When pus is present the urine conlains albumen. 

t. Cylindrical -shaped bodies, often studded with blood- and pus- 
vpuscles, and accompanied with epithelial cells and mucus-eor- 
are so-called urinary e<ut^s. (Section XLV.) Plate I. 

^. 4, 5, fy 6. 

aa. Cylindrical forms, in which round, nucleated cells are dia- 
DCtly visible through a fine molecular mass, are the epitkeliat 
ttiiuiers of the renal lubuli. Plate I. Fig. 4,. 

These forms are usually accompanied uilh unattached club- 
isped, caudate, spindle-shaped, nucleated epithelial cells of the 
Kt«n, pelvis and caljces of the Icidneys. Plate I. Fig. 4. 

bli. Solid cylinders of a granular character, studded with granules, 

B the so-called granular kidney cylinders. Plate I. Fig. 6. 

These cylinders often contain blood- and pus-corpuscles, as well 
fat, niid fat granules, crystals of oxalate of lime, and single 
kl cells. 
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This sedimeut also frequently presents blood- and pas-corpusdo^ 
as well as the free epithelial cells named under cm, Plate L 
Fig, 6. 

cc. Solid cylinders^ extremely pale and diaphanous^ so as to h 
often with difficulty distinguished from the surrounding floidy ate 
hyaline renal cylinders, Plate I. Fig, 5. 

These forms assume a yellow colour, and are thereby rendend 
more distinct ou the addition of a solution of iodine in iodide of 
potassium. 

Forms of a character intermediate between bb and ce, are ofta 
met with, the hyaline cylinders being studded with fat, pna- 
corpuscles, and fine granular masses, having more or less of a 
granular aspect. 

The presence of these different forms should always be sought for 
in albuminous urine, the magnifying power used being of 180 to 
200 diameters. 

/, The various forms of epithelial cells, 

aa. Pavement epithehum. Etoundish, longisb, or polygonal nu- 
cleated cells of the internal and external labia, of the vagina;, of die 
female urethra, the bladder, the pelvis, and calices of the kidneyi 
Plate L Figs, 4, 5, ^ 6, Plate 11. Fig. 1. 

bb. Cylindrical and egg-shaped epithelium of the under layer of 
the mucous membrane of the bladder, &c. 

cc. Ciliated epithelium of the uterus. 

All these forms become distinctly visible under the microscope on 
the addition of a solution of iodine in iodide of potassium. 

g. Fermentation cells and fungi, formed at the commencement of 
the acid fermentation of urine, accompany sediments of urate of 
soda, free uric acid, and oxalate of lime, but are met with especially 
in diabetic urine which has undergone decomposition. 

aa. The fermentation fungi consist of small nucleated cells, which 
increase by gemmation, forming single or double rows. Plate IL 
Figs, 1, 2, ^ 4. 

bb. The thready fungi often form a covering so thick as to over* 
shadow the whole field of the microscope. 

h. Short delicate bodies, which move twisting about here and 
there, arc vibriones, and are very commonly found under a high 
power iu weakly acid or in alkaline urine. (Section xLVii.) 

i. Spermatozoa are known by their tadpole-like form. (Section 

XLVl,) 
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A. Cancer mass. Plata III. Figi. 5 ^ C. 

i. The Sareina venlrieuU is very seldom met with in the urJnfy. 
is readily recognised by ita ch<iracteristic form, See p. 133, 
K-3. 

B. AlkaltHe urine. — 1. Sediment containing cryaluU. — CombiLa- 
los of vertical rhombic prisms, ^liich are soluble in acetic acid, 
d developc ammonia when heated with caustic soda, are crystals 

ammonio-pkvtphate of magnnia. (Scctioa xxsiz. 1.) Plate 11, 
y«. 8 4- 5. 

If oralate of lime should be mingled with these, the sediment is 
be treated with a drop of acetic acid under the microscope ; the 
Ratals of the mognesian-phosphate are dissolved, aud oxalate of 
IM, in its letter-cover form of crystal, remains. 
h. Bouridish opaque masses, studded hke a thorn-apple with 
fine paints, aud glandular conglomerates, consisting of 
I, curved, club-shaped bodies, consist of uratt of ammonia. 
lection xkxvii. 2. Plate 11. Fig. 5.) 

2. StdimeHt cotitaining amorpAoui masses. — These masses, when 
and in allculine urine, usually consist of phosphate of lime. 
leetion xxux. i.) 

S. Sediment containing organised bodies. — In addition to mvcnt-, 
god; and pus-eorpnscles, iic, we also find in such utiuefernient^i- 
M globulea and thready fungi, infuatiria and conferee: (Sec- 
n xLVil.) Pnge 133, Fig. 2. 



SECTION LXJlXI. 

Mode oc pRESnitviNO Ukisauy Sedimlnis. 

Afl it is often desirable lo preserve urinary sediments, as micro- 
ipical objects, the following short account of the process necessary 
here introducecl. Thi: most imj>ortttnt point is to separate the 
liment from the urinary fluid, as the urine readily undci^oes 
Eoraposition, and organised bodies rapidly form in it. 'llie sedi- 
tnt, therefore, is allowed to deposit in a champagne- glass the 
inc removed with a syplioo, and the sediment washed three or 
times by decaut^itioii with that particular Quid, which is after- 
" in making the prepararion. 
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U^^ lAo- titj fane bees «dl v;^»b«d and tfaoroaghljr j 
n* hin»iag b lbs ^^itnt vbt of proceedmi; : the washed^ 
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mtat pnt of vbidi is alloved to evaporate, i I 
dnp t£ Ckaada faabsB is now ftatxd apoD it, it is gently vamA I 
oj sar hahUw |cnal iww wwl with a needle, and covered iritii 1 1 
glsas pcniDuIr vnoMd. BjrcanAil pRssnre, an; excess of b; 
■• fcned out, ud IB tbe oonnc of a fev davs it dries np and don I 
tbe bofdtr of tbe jw^NnboB. For greater sevuritr, the bonlM | 
■Bj he a neattd widi sqihall Tattiisb, an article of cummenx, ud | 
iiwlilj applied with a eand Vhair brush. 

For fwesemtioii of the seiiimcnt in a fluid, we proceed as follov): I 
a cbop of tbe aedimoit, so^ieiided in tbe preparation-fluid, is pltced I 

' Oljeeri— wlntkB is obtained bv diloliiis eommercial syrupy glf Mi 
wiA aa a^aal qauti^ af Maiphor-tratcr. It form* a mMt exc«Ue&l p«- I 



t CkaoMto and pfruxibe iprit-iolutioa u obtaioed ia tbe foUowiog wj: 
— Thfc* diaebnu of etnoaott are mUed in m mortar with dx ouaoeB of ]€»• i 
t^tatad dMlk, aod lime add^l, until the whole is converted into a mA 
aan, «4idi i» tiim rubbed up with 6t oonees of water. A few {dcM* 61 
oamphor bmj also be added. Tbe mixture ii then allowed to remain ftf 
two or three weeks ia a lightlj.eovered glan, being frei]ueDtlj stirred up; 
tbe olear fluid ia then poured off, and, afl«r liltracion, is pTceetveA in a «^ 
da««<l glass. 

I Itectified spirit is diluted with two to eight times its quantitr of wilo. 
It is not well adapted for mioroacopie prrparatioiis, aa it is diSloutt to ol- 
taiu, when using reotilied apirit, a perreoUy air-tight prqiaratiun. ] 
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itjcct-gluss, and the gla^s-cover, previously moUtcned with 
ith, slipped over it by tlie aid of the forceps, care being 
it no air is enclosed with it. Any excess of the fluid ib 
by gentle pressure, and carefully taken up by means of 
pBper. The preparation is then laid aside for some minutes 
to allow tlie rest of the fluid to evaporate. We now 
preparation under the microscope to see that the whole is 
r, and then proceed to render it uir-tight. The glass-cover 
filled to the object-glass by means of wax. The wick of a 
;-tnper is cut into the shape of a chisel, warmed over a 
lamp until the wax melts ; hut it is not allowed to flame. 
lis wick is then held horizontally, and passed quickly around the 
ffi of the preparation. Drops of wax must not be allowed to foil, 
d in fact only enongh of it left around the harder of the pre- 
nrtioQ to (ill up completely the furrow hetween the object and the 
rer-glasscs. The whole of the border of wax must not he more 
IS 2 millimetres broad. With a little practice, the wax may he 
kI cm Ks smoothly as fluid with a brush. 

Wbeu the layer of wax is complete, it is covered with asphalt 

jnbh, which may easily be laid on with a hair-pencil, so that, in 

iition to the wax, it covers both glasses to the extent of 2 mllli- 

Thc whole preparation will thus be ahout 6 millimetres broad. 

ap|)lyiitg the asphalt varnish, care should be taken that all the 

bofders are well eovered, and that no air-babble is anywhere enclosed 

<— «stiafying ourselves on this point hy means of a lens. Especial care 

diould also be tjikeii nut tu make this first layer of varnish too thick, 

for in such case it hanlens only on the surface, and the deeper parts 

of it remain fluid, and thus spoil the preparation. I have lost many 

preparation!* in this way. If, after 24 hours, the layer of vamiah 

become solid, a second, ihieker one, is then laid upon it; and 

tke preparation may then he ticketed. 

The object-gluss should he 48 mm. long, and 28 mm. broad. On 
both ends of it, to the extent of 10 mm., some kind of (.'overing 
thould be stuck with a solution of gum or silicate of potash varnish, 
and on this covering the ticket is to be fixed. This protective 
sort of covering is very necessary, for when it is used the prcpara- 
tiona may be packed one on the other without endangering the 
cover-gloss. The pre]ittraliuna liiua perfected should never be 
|4aced ou tboir nlgc», for itt thlN position Ihey arc liable to 
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spoil ; they should always be kid flat in the box, which also should 
be lined with cloth. The process here described is applicable not 
only to urinary sediments, bat also to other microscopic prepara- 
tions. Complete instruction on this head may be found in Welker*! 
AufbewakruH/f micrf/9C'>pUcher OifJecU, Giessen, 1S56, as well as in 
Beinhard's Das AIicro9cop uad seim Gebrauck fur den Jrdi 
Leipzig and Heidelberg, 1S57 ; Medicimifeke Hand-BMictkeky 

Bd.yii. 



SECTION LXXXII. 
II. QrANTITATlVE ANALYSIS OF THE UkINE. 

Having obtained a satisfiactory knowledge of the qualitative con- 
stitution of the urine according to the process described (Sections 
Lxxix. and lxxx.), we proceed to the quantitative analysis of its 
constituents. Unfortunately we do not possess plain and certain 
methods for determining the quantity of the whole of the con- 
stituents of the urine, and must therefore be satisfied with a know- 
ledge of the most important of its normal and abnormal con- 
stituents. 

1. Quantity of urine paued in a given time, (Section l.) 

The quantity of urine, according to the object desired, is deter- 
mined either for 24 hours or for a shorter time. For determining 
the quantity in cubic centimetres, see Section l. 

2. Specific gravity of the urine. (Section li.) 

In most cases, the specific gravity of the urine can be determined 
with the urinometer (Section li. 1.). But if great exactitude is 
required, the specific gravity must be obtained by weighing the 
urine. (Section li. 2.). 

The temperature of the urine must of course be taken at the 
same time as its specific gravity. 

3. The quantity of the water and of the soluble constituents oftkt 
urine, (Section Lii.) 

10 to 15 C. C. of urine, in a porcelain basin of known weight, arc 
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a water-bath, as dcscribeii in Section Lii., and the 
adue drieii in an air-bath at 100" C. (212° i'ahr.), until it ceases 
lose in weight. By subtracting the weight of the basin, we obtain 
i amount of soluble bodies in the urine, and by sniitracting these 
im the whole weight of the urine employed, we obtain the quantity 
water in the urine. Much more accurate results are obtained 
len the evaporation of Ifae uiiuc is efTected in the apparatus 
(scribed in Section ui. Fig. 12, The ammonia which is liberated 
nring the evaporation of the urine, tbroi^h the decomposition of 
urea, is calculated for urea, and addett to the residue obtained by 
caghing. (Section mi. 2.) 
4- Inorganic tiilts of (he ttrine. {Section Llli.) 
The residue obtained by the process 3 is mixed with 1 to 2 
ammes of accurately- weighed spongy platinum, and gently heated 
itO the oi^nic parts are completely burnt off, and the residue has 
Framed a clear grey colour. {Section liu. 2.) The quantity of 
torganic salts is obtained by subtracting the weight of the crucible 
id the platinum. 

If we wish to determine separately the constituents which are 
ilnble and insoluble in water, we lieat the residue containing the 
datinum with water to boiling, filter, wash, and evaporate the watery 
xtract to dr)ness, heat to redness and weigh. The weight {as 
btaincil) of the salts soluble in water subtracted from the total 
[uantity of the inorganic constituents gives, as the difference, the 
[Dantity of salts insoluble in water. 

5. DeierminatioH of the colouring-matter accordiitg lo I'ogel. 
The process is carried out as described in Section liv, 

6, JietenninatioH of the chlorine and urea: 

A. When the urine contain* no albumen. 50 C. C. of urine are 
lixed with 25 C. C. of a cold saturated solution of caustic baryta 
nd nitrate of baryta (Section lvui. b. 4), and the precipitate 
epanted by filtration through an unmoistened filter. 

The filtrate obtained is divided into two portions. 

a. One portion is slightly acidulate<l with dilute nitric acid, 
.5 C.C., corresponding with 10 C. C. of urine, areraeaaurcd off with 
le pipeltc, and treated with a standanl solution of nitrate of mer- 
mry, dropped out of Mohr's pipette, until a permanent whitish 
iloudiness appears in it. Every cubic centimetre of the mercury- 

iatioti nstd corresponds with 10 imUigrammcs of chloride of 
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sodium^ or with 6*065 milligrammes of chlorine. For the pre- 
paration of solutions, &c., see Section lyiii. 

b. The second portion of the filtrate is not made acid, hut IS 
C. C. = 10 C. C. of urine, are measured off with the pipette, and 
the quantity of urea determined by a standard solution of nitrate 
of mercury. (Section lx.) This is added out of a pipette until a 
drop of the mixture, when saturated with carbonate of soda on a 
watch-glass, gives a distinct yellow colour. If the mixture remains 
white, some of the urea still exists uncombined, and more of the 
mercury-solution must be added. 

The results of the first experiment should be controlled by a 
second one. Each cubic centimetre of mercury-solution employed 
corresponds with 10 milligrammes of urea. For preparation of the 
solutions, &c., see Section lx. 

Corrections, — aa. Urine containing more than 2 per cenL of 
urea. 

If more than 30 C. C. of the mercury-solution have been employed 
for the 15 C. G. of the urine-mixture, we must add a quantity of 
water equal to half that quantity of the mercury-solution, which has i 
been used in excess of the 30 C. C, before treating the nodxture witk 
carbonate of soda. (Section lx. d. 1.) 

d6. Urine containing less than 2 per cent, of urea. 

If less than 30 C. C. of the mercury-solution have been employed 
for the 15 C. C. of the urine-mixture, we must subtract for every 
5 C. C. less than the 30 C.C. which have been used, O'l C. C, and 
then calculate the remainder for urea. (Section lx. d. 2.) 

cc. Urine containing from 1 ^ 1^ per cent, of chloride of sodium. 

a. We must subtract 2 from the number of cubic centimetres of 
mercury-solution employed, and calculate the remainder for urea. 
(Section lx. d. 3.) 

b. If absolutely correct results are required, the chlorine must be 
first of all separated by a standard solution of nitrate of silver. We 
then determine the quantity of urea in the filtrate, in the ordinary way, 
with the mercury-solution, making allowance as usual for the dila- 
tion {bb) which has been caused by the silver-solution. (Section 
LX. D. 3.) 

dfl. Urine containing carbonate of ammonia. (Section lx., d. 
5, b.) 

A measured volume of urine which has been completely piedpi- 
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»t«d bj baryta-solution (Section ls. d.)< is subjected to distillation, 
the ammonia which is set free received in a measured volume 
t standard sulphuric acid. (Section Lx., d, 5, 0.) Every cubic 
mtimetre of the saturatod acid corresponds with 11'32 milli- 

ftmmes of ammonia, or with 20 milligrammes of urea. 

In the residue, freed &om ammonia, the quantifv of undecom- 

ned area is determined in the ordinary way. 

B. Urine containing aliumen. — The albumen contained in a 

rtain quantity of urine is coagulated (Suction lx. d. 4), and 
Itered, and the chloride of sodium and the urea determined in the 
Boal way, after precipitation of the phosphoric acid by baryta- 
idotion. (Section Lx. d. i.) 

7. Deterfninatiou <}f the phosphoric acid. (Section Lxi.) 

0. DeteTminatitin of the wkole amount of i'^.— 50 C. C. of urine 

■e treated with 5 C. C. of a solution of bi-ace(ate of soda, heated 

I a water-bath, and the phosphoric acid measured with a standard 

liution of acetate of uranic oxide. The mixture must be frequently 

sted while the solution is being added, a drop of it being treated 

ith ferrocyanide of potasaium-solutiou, aa already described. {Sec- 

an LXI, 0.) When a slightly-red colour appears, we know that 

lere is just a trace of excess of uraitic-oxide in the mixture, and 

tietefore, that enough of the solution has been added. 

Every cubic centimetre of the solution of uranic oxide which has 

ea tised corresponds with 6 milligrammes of phosphoric acid. 

Bection lxi. c. a.) 

b, Phonphoric acid in combination Kith alkaliei.Sii C. C, of 

ine are rendered alkaline with ammonia ; the earthy phosphates, 

the course of a few hours, removed by filtration, the precipitate 

nshed, and the quantity of phosphoric acid determined (see a) in 

he whole of the filtrate after the addition of 5 C. C. of the acetate 

sodiusolulion. 

Every cubic centimetre of uranic oxide-solution employed indicates 
tnilligrammea of phosphoric acid combined with alkalies, 'l"he 
nantity thus obtained subtracted from the total amount previously 
etermined gives, as the diiferencc, the quantity of phosphoric acid 
mbined with the earths. 

8. Quantity offrei aeidj in tie urine. (Section Lxiti.) 

A solution of caustic soda graduated with pure oxalic acid is 
trapped into 50 C. C. of urine, until the urine loses its acid 
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reaclion^ and a drop of it on litmus-paper^ neither turns the Mm 
red^ nor the red blue. Each C. C. of soda-solution used corresponii 
with 10 milligrammes of oxalic acid. 

9. Determination of the sulphuric aM. (Section lxiv.) 

100 C. C. of urine are heated to boiling after the addition of 20 
to SO drops of hydrochloric acid, and a standard solution of chlonde 
of barium, each cubic centimetre of which indicates 10 milligrammei 
of sulphuric acid, is dropped into it, until an excess of the barvta is 
shown to exist, when a little of the filtered mixture is tested with 
sulphate of potash. If we have up to this point used 12 C. C, and 
if no reaction takes place when only 11 C.C. have been used, ve 
are sure that the true quantity lies between 11 and 12 C.C. "We 
therefore at once add to a fresh quantity 11 C.C. of the chloride of 
barium-solution, heat it to boiling, and then carry out the process 
to the end. (Section lxiv. c.) 

10. Determination of the sugar. (Section lxv.) 

The urine must be diluted so as not to contain more than \ per 
cent, of sugar at most. 10 C.C. of the standard copper-solutioD 
are therefore measured off, and diluted with 40 C. C. of water, and 
then added to the diluted urine, until the whole of the copper is 
reduced, and until a little of the mixture, made acid with hvdro- 
chloric acid, and tested with sulphuretted hydrogen, ceases to become 
cloudy. In most cases a i)roper dilution of the urine is obtained by 
mixing 5 C.C. of diabetic urine with 95 C.C. of water. The 
dilution, however, must depend upon the quantity of sugar in the 
urine. 

The volume of urine employed for the complete reduction of the 
copper contains exactly 50 milligrammes of diabetic sugar. If, 
therefore, we have diluted the urine with 20 times its volume of 
water before testing, we must divide 20 X 5 = 100 by the number 
of cubic centimetres employed, in order to obtain the percentage of 
sugar in the urine. (Section lxv. c.) 

11. Determination of the albumen. (Section lxx.) 

The process described in Section lxx. must be followed out. 

12. Determination of the uric acid, (Section Lxvin.) 

a. Precipitation with hydrochloric acid. — 200 C. C. of urine are 
treated with 5 C.C. of hydrochloric acid, of sp. gr. I'll, covered 
and left at rest for 24 to 36 hours at a temperature of 10"* to 20'' 
C. (50° to 68° Fahr.) in a cellar. In most cases 24 hours are long 
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The fluid is tlieii reraoved witL a pipette, and the crystals 

on a small, dried, and preriously weighed filter. After 

water dropping awaj- should not have an acid reaction 

are dried at 100" C. (212^ Pahr.), and weighed. 

ition Lxviii. A.) 

If the urine should be much diluted, or contain very little uric 
i, 209 C. C. should he evaporated to 50 C. C, before the addition 
Gu hydrochloric acid. 

The washing-water and the fiUrnte are then accurately measured, 
1 for every 26 C. C. at 10" C. (50" Pahr.), or for every 17-5 C. C. 
80° C. (68° Pahr.), 1 milligramme of uric acid must be calculate 
Rm&iniug in solution. Tlie quantity thus obtained must he added 
the quantity as directly obtaiued. 

6. J)eUrmination of the uric acid in the rcindiie of urine. 
3M) C C. of urine are evaporated to a syrup in a water-bath, ex- 
icted with alcohol, and the remainder treated with dilute hydro- 
ric acid ; the uric acid is then sopamtcd by filtration through 
diy filter whose weight is known, waslied, ^ntdi at 100" C. (212° 
khr.), and weighed. (Section lxviii. b.) (I much prefer the 

r process.) 

e. For the modification required by the presence of nlbnmen, see 
tion LXVIII. c. 
18. Defcrminiiiion of the. creatinine in Ike urine. 
The process described in Section LXix. c. must be followed. 
14, Determination of the lime in the urine. 
200 C. C. of urine are frenled with ammonia, the precipitate whii-h 
OS dissolved in aa small a quantity as posiiible of acetic acid, and 
lime precipitated with oxalate of ammonia. When the fluid has 
jme perfectly clear, it is removed by a pipette, the oxalate of 
: collected ou n filter, washed, heated to redness, and graduated 
ith hydrochloric acid and caustic soda, as described. (Section 
Kxt. c). 1 C. C, of saturated hydrochloric acid corresponds with 
D milligrammes of lime, or with 18'49 milhgrarnraes of tribasic 
hospbste. 
16. Heterminadnn of the majpieaiti in the urine. 
a. The fluid, as obtained above (14), is mixed with the washing- 
cr, and the magnesia precipitated by ammonia as ammonio- 
boapbate of magnesia. After 12 hours the clear fluid is drawn off 
f s pipette, the precipitate collected on a filter, washed, healed to 
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redness, anil weighed. (SH^tion LXXT. n. 1.) Or the 
phosphate of mttgnena raaj be dissolved in acetic neiii, and lit 
quantity of magnesia determined by the graduated measurement «( 
the phosphoric acid contained m the precipitate. (Section lol 
n. 3.) 

6. 200 C. C. of urine are precipitated irith ammonia ; after 
hoius the earthy phosphates which separate are collected o^ a 
washed, and heated to redness. (Section LSSI. n. 2.) The qi 
of phosphate of lime obtained, subtracted from the qnanti^ 
earlbv phospliates thus collefted, gives, as a remainder, the qi 
of phosphate of magnesia (2Mg O, POJ present in the urine, t' 
prefer this process to the one decribed under a. 

16. Delenninalion of Ike ammonia m tie urine. 

20 C.C. of urine are mixed with milt of lime in the apparatn 
described and figured in Section uxii. C, and brought under tlK 
influence of a measured volume of standard sulphuric acid ; the non- 
saturated portion of the acid is (after 48 hours) graduated win 
caustic soda of known strength. (Section lxxii. c] 

17. Beleminafion of the iron in the urine. 

200 C C. of urine are evaporated to dryness, heated until all tiM 
carbon is burnt off, and dissolved in hydrochloric acid ; the oxide of 
iron formed is then reduced by boiling with sulphite of soda, the 
mixture allowed to cool, and diluted to 60 C.C. The quantity of 
iron present is determined by a solution of permanganate of potaafa, 
whose strength has been ascertained (immediately before using it) 
by a solution of oxalic acid or ferrocjanide of potassium. (Section 

LXVII.) 

18. Betemtinalw* <{fjiota*k and loda. (See Section Lxxiv.) 

19. Hetermination of He fat. (See Section Lxxvii.) 

20. Letermination of the free carbonic acid. (See Section lut.) 

21. Determination of the iodine. (See Section Lxn.) 

22. Deteraintitlott of the total quantity if nitrogen, in tie urine. 
(See Section Lxxvi.) 
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L PRACTIC4L Directions for estimating appiloximatively the 

QOANTm OF THR DIPPERENT CONSTITUENTS PBESENT IN 
THE UkINE. 

Althongll we are enabled by means of volumetrical analysis 
ascertain very quickly, and witb certainty, the quantity of most 
. the constituents of ifae urine, still cases occur in wliich the 
tyncian desires to know at once whether the urine contains more 
' less of a particular constituent than it does at another time. 
It is not necessary to give special directions for the approximative 
of every one of the constituenia of tlic urine. The two 
employed by Bcneke will serve as examples in other cases, 
(Beneke : " Zur Ph^tuilogie titui Palhologie dea phoaphortauren und 
ai»auren Kalis," GiJttingen, 1850.) 

1. Eitimation of ike quantity of earthy plu>»phale» (after Beneke). 
—The earthy phosphates are held in solution in the urine by its free 
■cid, and separated from it, when the urine becomes alkaline. 
HcDCc when the free acid of the urine is saturated by an alkali, a 
precipitate will form, if the urine contains any earthy phosphates. 
And according to the amount of earthy phosphates there will be 
cither a very slight cloudiness, or none at all, or there wUl be a more 
less well-marked precipitate, the variations in this respect being 
■uiGciently characteristic to enable us to form an approximative idea 
of tlie cjuantity present in the urine. 

If we always employ a glass of the same diameter, and which 
oooUins at a certain mark exactly 15 to 20 C. C, we may, as 
Bmeke's numerous exjieriments show, distinguish between many 
diffexeiit degrees of cloudiness or precipitation. If we, in the first 
pbtce, eatablbh a scale for the different degrees of cloudiness which 
■riae, and, secondly, measure by accurate analysis the actual quantity 
which corresponds with eacli degree of the scale, we obtain the condi- 
tions requisite for the performance of the experiment. 

Seven different degrees of cloudiness are given by Beneke for the 
calculation of the earthy phosphates, the exact quantity correspond- 
ing with each of which he ascertains by the method described in 
Section lxii. 
Sendee morkg ; — 
\. With 0, urine, in which on being boiled in a tcrt-tubc, ami 



I 



266 APPROXIMATIVE ESTIIfATION 

after the addition of 10 to 15 drops of a soda-solution (1 part of 
soda in 12 parts of water), no turbidity is perceptible^ but which 
remains as clear as it was originally ; 

2. With i, urine^ which when similarly treated yields a sligbt 
opalescence ; 

3. With 1, urine, which when similarly treated yields a strong 
opalescence, yet of such a kind that objects, as the borders and frame 
of a window, may be distinguished through it; 

4. With H, urine, which on addition of the soda-solution yields 
a turbidity so strong, yet still of an opalescent nature, that objects 
can be scarcely at all distinguished through it ; 

5. With 2, urine, which becomes very turbid^ and loses its 
opalescence ; 

6. With 2i, urine, which in the course of a few seconds after the 
addition of the soda, yields a consideraUe precipitate of earthf 
phosphates ; * 

7. With 8, urine, which immediately forms a large precipitate; 

8. With 8 to 4, urine, which separates a very lai^ quantity of 
earthy phosphates immediately after the addition of the soda. 

It is easy to see, that by frequent repetition of experiments of this 
kind, a person may soon accustom his eye to the different degrees of 
turbidity, so as to be able readily to assign their true place in the 
scale. Cases however occur, in which the appearances do not agree 
with those of any one of the numbers given ; such cases may be 
accurately enough marked as i, f, IJ, 1^, &c. 

If the urine is alkaline, we must share it equally with the sedi- 
ment present in it, then boil one part, and according as the alkaline 
reaction is weak or strong, add little of the soda-solution or none 
at all. But if the urine contain albumen, this must be coagulated 
by boUing, the urine filtered, and the filtrate then tested for phos- 
phates. 

Beneke finds, after careful analysis, that his scale as above given 
represents the following quantities in one ounce of urine : — 
Urine marked contains from 0100 to 0150 gramme of earthy 

phosphates. 
i „ 0-250 to 0-300 

1 „ 0-400 to 0-450 
li „ 550 to 0-600 

2 „ 0-700 to 0-750 
2i „ 0-850 to 0-900 
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i 3 contains from 1000 to 1*050 gramme of earthy 

phosphates, 

3ta4 „ 1-000 to 1-300 

tliia means we maj readily reclfoD, and with tolerable ac- 

y, the amount of earthy phosphates passed with the nriue in 

)IUS. 

Ettimation of the qKantitg of oxalate of lime (aft-er Beneke), — 
Qblaining an approximative idea of the quantity of oxalate of 
in the urine, Beneke makes use of a method similar to that just 
ibcd. It may be thus shonlj exgilained : In testing urine for 
te of lime, it is necessary on each occasion to allow a portion of 
rine to remain at rest in the test-glass for 24> hours. If, at the 
if this time, a sediment has collected in the lower end of the 
, the clear fluid is poured off, and one of the last drops of it 
ined under the microscope ; this must not be omitted, even if 
istinct cloudiness be observed in the urine tested. If we find 
lediment of urates, the drop ia gently heated on the object- 
, and the urates thus dissolved ; phosphate of lime sediment, if 
at, ia removed by a drop of acetic acid; so that the oxalate of 
alone will in niust cases be left. 

operating in this way, and by always using only a single drop 
; urine wliich contains the sediment, taking care also to cover 
rop with a thin glass cover, vc shall be able to decide as to the 
aty of oxalate of lime present in the urine. 
oeke has given a table of the different quantities of lime : — 
Urine marked contains no oxalate of lime. 
„ \ „ very little. 

1 „ little. 

■ „ H jj a moderately large quantity. 

„ 2 „ a tolerably large quantity. 

„ 2J „ much. 

„ 3 „ very much. 

„ 3to4„ an exceedingly large quantity. 

ery one can, of course, make tabular scales of this kind for 
jlf. I shall therefore content myself with merely giving these 
ods of Beneke. Similar tables can be made for estimating the 
KO, uric acid, sulphuric acid, &c. 
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ESTIMATION OF SOLUBLE MATTERS 



ANALTTICAL PROOFS. 



I. Table /or estimating /rom its specific gravify ike quantUtf 

matters dissolved in the urine. 



Specific 


As found by 


Calculated 


Gravity. 


Weighing. 


by 0-233. 




per 1000. 


per 1,000. 


10160 


37- 4 


37-28 


1-0260 


62* 


60-58 


1-0154 


35- 1 


35-88 


1-0261 


60- 2 


60-81 


1-0213 


48- 6 


49-63 


1-0230 


56- 4 


53-59 


1-0230 


56- 


53-59 


10225 


49- 3 


52-42 


1-0240 


54- 1 


55-92 


1-0257 


60- 4 


59-88 


1-0275 


63- 9 


64-07 


1-0275 


64- 2 


64-07 


1-0217 


48- 5 


50-56 


1-0223 


52-15 


51-96 


1-0140 


3108 


32-62 


10236 


56-64 


54-98 


1-0133 


30-87 


30-99 


10134 


3] 06 


31-22 


10238 


57-09 


55-45 


10250 


60-47 


58-25 


10164 


3726 


38-21 


1-0135 


33 35 


31-45 


1-0210 


48r)4 


48-93 


10137 


32-55 


31-92 


1-0085 


19-16 


19-80 


10110 


24-96 


25-63 


y 


Mean. 


^ 


1-0200 


46-59 


46-52 



From these data we find that by division of the three last decin 
of the mean specific gravity, into the mean quantity of solid mat 
found in 1000 grammes of urine, we obtain the quotient 0-232 
which we may, as Haser suggests, conveniently put down as 0*2 
By multiplying with this quotient the three last of the 4 decimal 
the specific gravity, we obtain the number given in the tt 
column, whose difference from the quantity as obtained by weigh 
seen in the second column. If the specific gravity is only gi' 
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ith (hiw dwimal figures, the 2iid and Srd decimals multiplied by 
^'89 will still yield an approximative estimation of the quantity of 
itid matters in 1000 parts of urine, 

n. Determinaliott of the chlorine. (Section LVIII.) 

The comparative analyses are conducted in the following order: — 

A. Liebi^t melfiod with a standard solution of proto-uitrate of 
Biercary, (Section LViii.) 

B. Mohr't method with a standard solution of nitrate of silver in 
titral urine, with addition of chromate of potash. (Section 

lthl u.) 

C. Analgtiji with a ttanilard solution of silver, the urine having 
precipitated with baryta-solution, and acidified with nitric acid. 

Section LVtii. 11.) 

D. Analgiis by weight. The urine acidified with nitric acid is 
predpilated with nitrate of silver. The precipitate is washed, dried 

I'lritii fused carbonate of soda-potash, the mass treated with boiling 
I wnter, the solution filtered, acidified with nitric acid, and then for a 
F second time precipitated with the silver-solution. The chloride of 
< silver thus obtained is weighed, according to the ordinary method, in 
I a half-fused state. 

I K. The uriiie ia accurately precipitated, as in D, with nitrate of 
Bil<rer, the precipitate reduced by heating it with soda-potash, the 
maas treated with water, and the filtrate accurately neutndised with 
lulric acid. The ijuantity of chlorine in this solution is then deter- 
uined by Mohr's method with a standard solution of silver, with 
addition of chromate of potash. 

The following table shows the results obtained by these different 
jnethods : — 

10 C C. of nrine gave of chloride of sodium : — 



A. 


B. 


C. 


D. 


E. 




I. (M5.1 


0174 


- 


0-155) 
0-154 ( 


- 




II. 0-1346 


0-158 




0-1.37 






III. (H1904 


0-106 


- 


00909 1 
0-0902) 


0-0905 1 
U'OOOS j 


(Kemer.) 


IV. 0-0721 


Q-0&11 


• 0-0741 


- 


007 10 i 
0-0720) 





i 
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It appears from this table, that, when carefdlly earned oi^ 
Liebig's method (a) comes nearest to the analysis by weight. 1h 
next is the process with the graduated eolation of silver, the miae 
having been previously precipitated with baryta-solution (c). He 
method e gives very accurate results. The results of Moh's 
method, b, agree least of all with the analysis by weight Ik 
cause of these differences has been explained. (Section L\'iit.) 

III. Determination of the pho^pkarie acid, (Section lxi.) 

A. With uranic-oxide solution. (Section lxi.) 
The volumetrical analysis was performed according to the 
method previously described for every 50 C. C. ; and the estboi- 
tion by weight for every 100 C.C. according to the oidinaiy 
method, and with due regard to all requisite precautions. The 
ammonio-phosphate of magnesia, before it is subjected to a nd- 
heat, was moistened with nitrate of ammonia, to render the pjio- 
phosphate of magnesia perfectly white. 

The following were the results obtained : — 

Yolumetrical Analysis. Analysis by weigU. 

i 01308 
(01299 
0-2342 
( 01383 
(01410? 
0-1318 
1324 
B. With perehloride of iron solution. (Section lxii.) 
Vol the accurate determination of the quantity of iron in the 
perehloride of iron-solution, every 10 C.C. of it are precipitated 
with ammonia, &c. 
We thus obtain : 



100 c. c. . 


01302 


100 c. c. . 


. 0-2352 


100 c. c. . 


. 0-13899 


100 C.C. . 


. 0.1312 


-r-« . . 1 ^ » ■y 


M • 1 • • 



|0- 
(0- 



a. 0'1125 gramme \ ^ ^ 
h. 0*1141 gramme 1 ^ '' 



In 10 C. C. a mean of 01133 gramme Fe, O, = 0-07931 gramme Fe. 

Then, again, a solution of phosphate of soda was employed, con- 
taining 0*1185 gramme of phosphoric acid in 10 C.C. 

If to 10 C. C. of this solution (no furthSr diluted), after the addi- 
tion of 10 C.C. of acetate of soda-solution, 1 1*5 C. C. of perehloride of 
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tlation are employed, and the precipitate corresponds with the 
'"'" Fe,0„PO„— then 

1 Equiv. PP. Fe, O, in 11-5 C. C. of solution . 
71-36 " 0-13U295:* 

j: = 01 163 gramme PO,. 
a phosphoric acid solntion to the aame degree of diln- 
nrine, 10 C. C. of the above solution of phosphate of 
are treated with 60 C. C. of water, and 10 C. C. of acetate of 
ila-solulion. 

Of this to the moment of the beginning of the reaction : — 
12 C. C of perchloride of iron-solution 
12-3 C.C. 
12-5 C.C. 
ive been etnplojcd ; and up to the time when a very distinct, and 
lerably deep-blue colour appears : — 

12'7 C, C. of perchloride of iron-solution, 
13-3 0.0. 

13-5 C.C. „ ^ „ 

In this dilution also, in order to arrive at the very commencement 
' the reaction, an excess — more than 1 equiv. of Fe, Oj to 1 equiv. 
■ P Ot — must be added : — 

0-3 C. C. Pe, CI, solution; corresiKiiiding with 0003399 grm. re^O,. 
0-6C.C. „ ; „ „ 0-000799 „ 

0-8 C.C. „ ; „ „ 0009064 „ „ 

Consequently too much phosphoric acid was obtained : — 
a. P Oj = 000303 gramme. 
*. PO. = 0-00606 
c. PO, = 0-OOS08 
To produce a distinct deep blue reaction, the followiug excess 
oat be added : — 
1 C.O. Fe, CI, scJution; corres])onding with O01133 gramme 

Fe, 0, = 0-01011 gramme PO^. 
1"6 C. C. Fe, Clj solution ; corresponding with 001873 gramme 

Fe,O, = 0-fll671 gramme PO,. 
1-8 C. C. Fe, CI, solution; corresponding with 0-02039 gramme 

F«j 0,= 0-01818 gramme PO.. 
Aa an average, therefore, an exc*-8s of 1'5 C.C. of the perchloride of 
tu-9olution must be added to 50 C.C. of phosphoric acid solution, 
lated to tlie same extent or thereabouts as the urine. The error 
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is also discovered when we use the perchloride of iron solution, pr^ 
jMired after Breed's formula, 10 to 15 milligrammes of PO, being 
found in excess in 50 C. C. of urine. If, however, we emplof a 
perchloride of iron solution, whose strength has been determined hj 
a trial with a phosphoric acid-solution, diluted to about the mm 
strength as the urine, the error becomes very small. 

These investigations were conducted at my desire, by my finend 
Herr Bemv. 

IV. Determination of the sulphuric acid. (Section lxit.) 

The sulphuric acid was determined, in the one case, by weighing in 
every 100 C. C. of urine; and in the other, by graduated measurement 
up to the neutral point. The following are the results obtained:— 
By weighing. By volumetrical analysis. 

0-129 gramme S O,. 0*128 gramme S O,. 

0182 „ „ 0177 „ 

0-274 „ „ 0-270 „ 

0139 „ „ • 0137 „ 

0-285 „ „ 0-238 „ 

V. Determination of the sugar. (Section Lxv.) 

O'-i gramme of pure grape-sugar was dissolved in 20 C.C. of 

urine, and diluted up to 100 C.C; consequently the urine con- 

taintxl 2 [ht cent, of sugar. 12*3 C. C. of it were employed in the 

riHhioiiou of 10 C.C. of copper-solution. Hence we have 

5x5 

"i o"^ ^^ -^'03 per cent. 

Ol> grauune of gra|)e-sugar were dissolved in 20 C. C. of urine, I 
and diluted up to 100 C.C; consequently the urine contained 3 
per i*ent. of sugar. 8-i C.C. of it were employed in the reduction 
of l(i C. C of the copi^er-solution. Hence we have 

-^ .- = 2*97 per cent. 

2 grammes of grape-sugar were dissolved in 20 C 0. of urine, 
and diluted up to 400 C C. ; the urine, consequently, contained 10 
jjer ctMit. of sugar. 10-5 C C of it were required for the reduction 
of 10 C. C of the copper-solution. Hence 

— iT^— - = 9*5 wr cent. 
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F VI. Deterwinaiion of tke urk acid. (Section LXvni.) 
■ Ivery 200 C, C. of a uric acid solution of knowu strength were 
DUiptated with 5 C. C. of hydrochloric acid, of I'l 1 sp. gr., at a 
liupentnre of 10" to If C. (50^ to 54'^ Fahr.). About 7 to 10 
WK cent, of uric acid were found wanting — tiie uric acid remaining 
|h Ktlntion. As an average of 10 experiments, which were con- 
'dscted at the same temperature, and with a similar amount of acid 
contents, it appeared, on measurement of the tiltrote and of the wash- 
ing water, that ahout one milligramme of uric acid remained un- 
precipitat«d in every 26 C, C. 

With these results, as data, the following calculations were 
nude: — 

a. 200 C. C. of urine gave 00572 gramme of uric acid. The 
iflltnte and washing-water with 5 C. C. of hydrochloric acid, and at 

rirout 10" to 12^ C. (50" to 54° Fahr.) = 270 C. C. 

b. 200 C. C. of the same urine gave 0'0567 gramme of uric acid. 
Rltrate, &c. = 265 C. C. 

Aftfr correction, the following is the amount of uric acid in this 
urine: — 

a. As found directly, 00572 gramme — after correction, 0'06760. 

6. „ 00567 „ „ 00 6690. 

mean . 006725. 

c. 200 C. C. of the aame urine, to which 0'1167 gramme of utic 
■rid was added, yielded 01 74 gramme. Filtrate, &.c. = 280 C.C. 
12" C. {54" Fahr.). 

d. 200 C.C. of the same urine, with 01148 gramme of uric acid, 
g«ve 01684 gramme of uric acid. Filtrate, &c. = 296 C.C. 
18° C. (54" Fahr.). 

After correction : — 

For a. 0'1848 gramme uric acid. 

00672 gramme contained in the urine. 

0'U76 gramme uric acid instead of the 0'1167 gr. added. 
For b. 01797 gramme. 

00672 gramme contained in the urine. 

0-1125 gramme uric acid instead of the 0-1148 gr. added. 
In a further experiment, coikducted in a similar way, 0-0549 
gramroe were, at a temperature of 12" C. (54° Fahr.), found instead 
at the 0'0543 gramme added. 

The solnbility of the uric add in the acid 6uid naturally increases 
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with increase of temperature. Aji an average of six estamata^ 
which were conducted with a similar quantity of acid^ but at a 
temperature of 20'' C. (eS"" Fahr.), only 96*6 per cent, of the vie 
acid employed was found again — ^the above corrections (26 C.C. 
fluid ^ 1 milligramme of uric add) being adopted. A more ei* 
tensive experiment showed, that at a temperature of 20'' C. (88^ 
Fahr.), and with the same amount of acid (200 C. C. fluid, 5 CC 
of hycbochloric acid, of sp. gr. 1*11), 17'6 G. C. of the filtrate bel4 
on an average, 1 milligramme of uric acid in solution. The fdlov- 
ing estimates may also be introduced here : — 

Temperature 20^ C. (68° Fahr.). 17-5 CO. filtrate = 1 miffi. 
gramme of uric acid. 



Urioadd 
employed. 



Quantity found by 
direct experiment. 



FUtrateand 
waahing-wmter. 



0*1651 gramme. 

0-2375 „ 

0-2375 

0-2375 

01900 

0*2228 



» 



I) 
II 



0*1466 gramme. 
0-2215 „ 
0-2203 „ 
0-2180 
01746 „ 
0-2080 „ 



330 CC. 
280 „ 
275 „ 
300 „ 
280 „ 
305 ,, 



Corrected quantity. 



0*1647 gramme. 
2375 „ 
0-2360 „ 
0*2351 
01906 „ 
0*2254 „ 



VII. Determination of the creatinine. (Section lxix.) 

0*8938 gramme of creatinine were dissolved in between 2 and 8 
C. C. of water, and diluted with absolute alcohol up to 160 CC. 
Each 50 C. C. of this solution, in which 0*2798 gramme of crea- 
tinine was dissolved, were measured ofif, and precipitated b? \ 
C. C. of an alcoholic solution of chloride of zinc, of sp. gr. 1'195. 
After standing 48 hours in the cool, the precipitate was carefullj 
removed on to a filter, dried at 100"* C.*(212'' Fahr.), and the filtrate 
obtained always used again in the formation of the precipitate. The 
washing with absolute alcohol was commenced when the mother- 
liquor had completely run off. When dried at 100° C. (212° Fahr.) 
the following results were obtained : — 

1. 0*2793 gramme of creatinine gave 0*4488 gramme of creatinine- 
chloride of zinc, corresponding with 99*2 per cent. 

2. 0*2798 gramme of creatinine gave 0*4429 gramme of creatinine- 
chloride of zinc, corresponding with 99*0 per cent. 

3. 0*2793 gramme of creatinine gave 0*4439 gramme of creadnine- 
chloride of zinc, corresponding with 99*2 per cent. 
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For the sake of correction, an estimate of the nitrogen was made 

rvith the creatininc-chloride of zinc; 03453 gramme, dried at 100° 

tC. {212° Fahr.), gave 0-0798 gramme of nitrogen, corresponding 

^Vith 83-1 per cent, of nitrogen ; whilst, according to calculation, it 

'uuld have amounted to 23*21 per cent. Consequently, 100 parts 

tthe zinc-compound correspond with 62'44 per cent, of creatinine. 

From the above calculations it appears, tliat the determination of 

Itlie creatinine, by means of chloride of zinc, approaches closely in 

1 ■oouncy to the determination of potash by bi-chloride of platinum. 

Vm. Determination of tRe albumen. (Section IJIS.) 

Double analyses by weight were very carefully made of clear 
filtered urine, mixed with a solution of albumen. 

1. a. 100 C.C. gave 1130 gramme of albumen, dried at 100° C. 
(212° Fahr.) 



100 c.c. 


, l']07 


lUOCC. 


, 0-624 


100 c. c. 


, 0616 


100 ex. 


, 0-600 


100 c.c. 


, 0-688 



IX. DHcrmination of the liiae. (Section LXXi.) 

0-222 gramme of phosphate of lime was converted into carbonate 

(as dcMribed in Section Lxxi. 1), and then dissolved in 20 C. C. of 

L hydrochloric acid, each cubic centimetre of which corresponded with 

\ 10 ailligrammes of lime. For correspondence, 102 C-C. of caustic 

\ of equal strength were employed; consequently, 20 — 10"2 

I ^ 9'8 C. C. of hydrocliioric acid were saturated by the lime. 

The 0222 gramme of phosphate of lime, therefore, contained 
f 0*098 gramme of lime ^ 44'14 p. c. of Ca 0. The calculation by 
rdght gave 44'20 per cent. CaO. 
EvBiy 100 C. C. of such urine treated in this way yielded a [wr- 
centa^ of 0-0420 and 00423 of time. 



X. Drtcrmination of lite 



(Section Lxxii. 



The sulphuric acid employed in these experiments contained 
OS304 gramme 80, in 10 C.C, corresponding with 0-22542 
grummc N 1),. 22*1 C C. of caustic soda were emi)loyed for the 
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tttaration of 10 C. C. ; conaeqneutly 1 C. C. of eutstic aodi a 

■poDded with " g^y^ = 00102 EMuwXH^ 

1*10 C. C. of fresh urine were tretted dincUjr wiib milk of I 
Aft«r 48 hoars, the X H, deTeloped oomspooded with 0>e CC-lf 
csiulic soda. Coosequentlj' the nrine coDtained 0^81 per eeaL rf 

INH, 
2. 40 C. C. of the same urine were ftwd bom thai 
Bod colooring matters bj 40 C. C. of a mixtore of iiiijiiiii iifhri 
Bolution and basic acetate of lead. 20 C. C. of the daa filtnt^ 
corresponding with 10 C. C. of urine, dereloped the same qaaali^ 
of N til, in 48 hoars ; O'S C. C. of caostic soda were saturated. 
After another 48 hours, neither of the liquids tested had grm 
off the smallest quantity of \ U,. 
a. 0£S43 gramme of sal-ammoniac, dried at lOO'C. (212°Fahr.), 
were added to 10 C. C. of the same urine. At the conclusioa of the 
experiment, 14'1 C. C. of soda had been used in the ssturatioii of 
the 10 C. C. of sulphuric add. Hence the N H, developed oof- 
res|wnded with 22-1 — 141 = S C. C. of soda. 

The 10 C.C. of orine alone corresponded witli 08 C.C. of 
soda ; consequently 80 — 08 = 72 C. C. of caostic soda remaiued 
for the sal-ammoniac added. 7-2 C. G. of soda correspond wilb 
{7-2 X 00102) = 007344 gramme of NH^ and thii. witk 
1 17 : 53-64 : : 0007344 : x = 0-2309 gramme sal-ammoniac. Tbui 
'0*2309 gramme vere found in the plac« of the 0'2343 gramnit 
; added. 

, 4. 10 C.C. of another urine were treated directly with milkof 
fime. The N H, developed corresponded with 1*25 C. C. of soda, 
\ consequently the urine coutained 0'1275 per cent, of N H,. 
I After another 48 hours no more ammonia vas developed- 

6. 10 C, C. of the same urine were treated with 0-1744 gramme 
uif sal-ammoniac. At the conclusion of llie eicpcriment, 15'4 C.C. 
hot soda had been employed for the saturation of the 10 C.C. of 
*B0,. The N H" therefore developed corresponded with 22-1— ] 
15-4 = 6-7 C.C. of soda. The 10 C.C. of urine alone corre- I 
spoiided wiUi 1-26 C. C. ; hence, 6-7 — 1-25 = fl-45 C- C. of jwb- | 
ley remained for the sal-ammoniac added. 5'45 C.C. correaMUid 1 
with (6-45 X 0-0102) = 005659 gramme of \ H^ and this «itb ' 
b*1747 gramme of sal-ammoniac; consequently for 0*1744 gniDiiie I 
■iplojed, 0'1747 gramme sal-ammoniac was found- ^^ 
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INTRODUCTION. 



investigatioD of tbc urine has been resorted to from the earliest 
B as aD important help iu the diagnosis and stud; of dbea«o. 
iously, however, to the chemical and microscopical examination 
it, the investigation was of very little scientific value. The 
ipection of the urine was often resorted to by churlatans, iu order 
deceive the credulous public; and consequently for a long time it 
into discredit both with the scientific physician, and the educated 
a.* The progress of Organic Chemislry, and the general study 
the microscope, iirst gave its scientific character to uroscopy ; and no 
indeed, needs now to be informed, that it constitutes nn important 
necessary part of semiology and diagnosis. The scientific 
ndies, upon which uroscopy is founded, have, during the few past 
irs, made remarkable progress, and every day adds something 
r t4) the discoveries already made. 

Hence a farther and renewed investigation of this subject he- 
aes necessary ; but, under present circumstances, it becomes one 
great difficulty, because the practical tests, as practised by the 
tysician at the bedside of the patient, and &om which alone he 
iws his positive conclusions, cannot keep pace with the rapid 
ogress of pliysiology and chemistry. For this reason the author 
s not attempted to introduce into his work everything that might 

> This ancient practice of the cbnrktikne threateiis agftin, at tlio |irc«GDt 
ly, to re-«ppear. Thu Author had nn opportunity, a abort time ago, uf 
g that duieni of spcoime&B of urine were sent dnily (and geDerally 
B long dutanoea) to a female uriDe-iaspecUir, who had a vtry oxtcDaivt 
~on ; and that from these Bpeoimens alone both the dia(,'Dosi8 and 
ia of diseBAes were deduced. The deaoriptiona were given in uommoti 
Bguage and indelinitelj expressed, but were nevertheless reeeivud by the 
.■ of the dootoreie as undeniable oraoles.—tbe chief of her believers 
ing people of the higher, and eapeoiaUy of the fojibionable, classes of 
tietf. tinder such aireumstances, it beeoraej doubly the duty of the 
j^oian to point nut what nsiiinlancc a saientiflo study of the uriue can 
lllj give in the diagnosis, prognosis, and treatment of dillereut diseust's. 
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said in reUtion to this aabject. He has pTeferred to tteat 01 
that which can be accepted aa positive, for long esperioiee I 
shown him, that students, and even physidaos, preferring 1 
novel and striking, ortrn take up uncertain and even fidse ii 
and are thereby led into errors both of diaguosia and 1 
For this reason, he has endeavoured in every case to t 
accurately the degree of certainly or of probability, which n 
attached to the different indications presented by the u 

The investigation of the nrine for the purposes of the phyi 
may be carried out in two diflferent ways. It enables us to d 
conclusions : 

1. As to the existence of certain general conditions of the w 
the state of the nutritive functions, the constitution of the blooc^l 
tstion, &C. ; 

8. And of certain local diseases of the urinary organs. 

We shall consider the subject in the following pages, as far mI 
can, from both these points of view. 

Besides this, the study of the urine sometimes enables tul 
arrive at conclusions concerning special facta and processes, a kof 
ledge of which is of importance to the physician, Thns ire are d 
able, from the mere inspection of the urine, to determine whet 
not a patient is feverish. IVoin the smell or the colour of | 
nrine, we can teU that certain articles of food or medicine hare b 
taken, for example, asparagus, oil of turpentine, rhubarb. 
Prom the quantity of spermatozoa in the urine, we leam wh< 
the discharge of semen has taken place during caitns or is the r 
of pollution. The presence of albumen in the nrine cuables I 
under certain conditions, to decide that the patient is diopc 
Bile in the urine also indicates jaundice, fee, 

Tlie skilful physician takes advantage of these signs, in orderfl 
gain the confidence of his patient; hut, as a scientific nmti 
should avail himself of them cautiously, and withont ostenta 
Abuse of his knowledge in this respect will stamp liim in tlie « 
of his colleagues and of the public as a charlatan. 

The study of tlie urine is often of great imporUincc in t 
peutics, informing ua whether or not certain substances, which t 
sick person has used as medicine, have been separated with I 
nrine. In the latter case, the physician is cautioned against i 
prolonged use of maij^ medicines, which become dangerona ) 
accumulation in the body, sach as saltpetre, digitalis, strjrdinis, | 
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the former case, the continued use of the agent, or nn increased 
leof it, is indicated; when, for instance, we desire to keep the 
jy for a long time under the influence of an agent which exercises 

fall effect slowly and gradually, such as iodide of potassivun, 
aline carbonates, and the like. The importance of examining the 
Bit for such purely therapeutical objects has not yet been 9ul5- 
Dtlj acknowledged in practice. Such enaminalions will, how- 
most certainly become more common, in proportion as the 
required in carrying them out, and which have hitherto 

9) complicated and imperfect, are improved and simplified, and so 

idered more appLcable in the hands of the physician — an object 

icb the author trusts that all chemists, who feel an interest in this 

sject, will keep in view. 

If, however, the investigation of the urine has been hitherto 
glected in reference to the particular points above referred to, it 
B, on the other band, in certain ways been considered as of more 
iportance than it really is. Many special facta will berea^er be 
EDtioned under this head. One erroneous idea, however, which ia 
mjded upon an imperfect knowledge of the nutritive changes in 
■eases, and upon an ontological mode of considering the forms of 
seaaes — not yet discarded by all pathologists — deserves refutation. 
lis idea is widely spread, and is not niifrequently met with in works 
oenUy published on this subject. It is, that there is a special and 
laracteristic condition of the urine corresponding with every kind 
' disease. But sach a condition is, in reality, only met with in 
ose rare cases in which the disease takes its name irom some 
icaliar and well-defined condition of the urine, The urine, for 
Lunplc, in albuminuria most naturally contain albumen, in glyeo- 
ixia sugar. In oxaluria oxalic acid, &c., or we should not be 
tftified in applying such names to the diseases mentioned. 

In other forms of diseases we very rarely meet with any special 
laractcristic condition of the urine. It has, indeed, been often 
finned that the urine has a particular composition,. or possesses 
ertaio peculiar qualities, in ti'phus, pneumonia, &c., but such 
iscTvations are, as a rule, supported on very insuflicient data, or on 
TeBtigations made during certain stages only of the progress of 
«b diseases. The study of the urine in diseases of this nature, in 
hich investigations have been made on a large scale, and at all 
Bg«a of their progress shows (as 1 shall prove hereafter), that the 

idition of the urine in all acute diseases vanes during the course 

r 
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of the disease, aiid that, too, with a certain degree of regnlaritT. lliii 
change in the condition of the urine, moreover, depends less npoi 
the particular nature of the disease, that is, upon its local phenomeiii, 
than upon certain general conditions of the body, such as the inten- 
sity of the fever, the state of the appetite and the digestion — or, in 
other words, upon the amount of food taken. This is also troe of 
those chronic diseases during whose progress, as so often happens, 
acute exacerbations arise. The idea, for instance, so commonly 
entertained, that in Morbus Brightii the quantity of urea in the 
urine is diminished, is to a certain extent untrue; for in febrfle 
conditions of the diseases, as well as in all fevers, an increase of the 
urea is generally observed. 

For these reasons, I have thought it better to point out in the 
following pages only the general semiology of the urine. Its 9pec%d 
semiology, that is to say, the description of the constitution of the 
urine in individual diseases, will be best considered under the head 
of each particular disease, and therefore under the head of special 
pathology. 

To render more easy the explanation and the solution of anj 
given question, the following pages have been divided into two chief 
divisions, and into several subdivisions. 

The first division contains the qualitative changes of the urine, 
including the sediments. It contains four subdivisions : — 

I. Changes in the colour, appearance, and odour of the urine. 

II. The chemical reaction of the urine, and its significations. 

III. The presence of unusual and abnormal constituents in the 
urine. 

IV. Urinary sediments. 

The second division comprises the quantitative changes of the 
urine, the increase and the diminution of the normal constituents of 
the urine. 

It is subdivided into two parts : — 

I. Quantitative changes, which are appreciable without the aid of 
chemical analysis, and which are of especial importance to the 
physician, by reason of their ready appreciation. 

II. Quantitative changes, which require chemical analysis for 
their demonstration. 

A guide to the investigation of urinary calculi and other urinan* 
concretions is given in the Appendix. 

I would refer those, who wish to study more minutely the changes 
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h occur in the urme^ with especial reference to their diagnostic 
£cation^ and their therapeutical indications^ to my work on 
ases of the Kidney^ which comprises an account of the changes 
rring in the urine in diseases generally. This work is con- 
id in the Handbuch der speeiellen PatAologie und TAerapie, Bd. 
lited by Virchow, and published in Erlangen. 



286 THE COLOUR 



FIRST PART. 



QUALITATIVE CHANGES OF THE URINE, INCLUDING 

URINARY SEDIMENTS. 

I. Changes in the Colour^ Appearance^ and Odour of 

THE Urine. 

llie changes included under this head are, of course, easy of 
appreciation ; but of themselves they rarely lead us to any positiTe 
diagnostic and semiotic conclusions. They serve chiefly as hints 
and guides to a further investigation of the urine by other means. 
The mere inspection of the urine, therefore, is of little value to 
the physician. 



section lxxxiv. 
Colour of the Urine. 

The colour of the urine is sometimes an important sign, giving 
the physician valuable indications as to the nature of some of the 
diseased conditions of the body ; but, generally speaking, it serves 
rather to point out to him the direction in which he must prose- 
cute his inquiries. 

The causes of the colour of the urine are colouring-matters, of 
whose nature and origin we have not yet obtained much certain 
knowledge. (Compare Sections ix., liv., and cxni.) 

As medical men, we have to distinguish between normal and 
abnormal colour of the urine. 

1. Tlie normal colour of the urine is yellow, with a mixture of 
more or less of red. It may be nearly as colourless as water, or of 
a yellow, red, or reddish-brown colour. 

These different shades of the healthy urine may be classed in the 
following groups : — 
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PaU urine — Colourless to straw- jelJow, 
I Jiormalljf'coloured urine — Golden-yellow to ambei. 
W BigA-eoloured urinn — Reddish-yellow to red. 

Bark-eoloured urine — Of a brownish tint; dark, beer colour. 
Pair urine contains little colouring- matter, httle urea, and, as a 
rule, also only a small amount of solid constituents. (The urine in 
diabetes mellitus must be excepted.) It is seldom very acid; 
(Uently neutral or alkaline. It is passed in health after large 
ighte of flnids {urina pol4i) ; and often by persons suffering 
chronic diseases, sucL as chlorosis, aniemia, diabetes, and on 
ivciy from severe acute diseases. 
The existence of pale urine is an almost certain indication to the 
-acian that his patient is not suffering from any acute febrile 
disorder. When the urine remains for a long time constantly pale, 
we may conclude that the patient is suffering from a certain degree 
of antcmia (oUgocythsmia] . 

Normally-coloured urine gives us only the negative indication, 
Bt disease does not exist of a nature such as might be indicated 
' very pale or very high-coioured urine. 

High-coloured urine is generally concentrated, rich in solid con- 

^uents (and therefore of high specific gravity) ; rich also in urea, 

id nsually very acid. It occura in cases in which the secretion 

water by the kidneys is diminished, the secretion of the other 

Dstitnents of the urine remaining normal, or even being increased. 

lonaequently, this kind of urine is met with in perfectly healthy 

i, after abundant Tneals {urina ckyli), or when the indi- 

^ndoal has taken violent exercise, or has sweated much and drunk 

(little. It occurs also in almost all febrile diseases, and becomes 

ffterefore an im)X)rtant sign to the physician. In hectic fe\er, for 

:eumple, this condition of the urine ofteu gives a more certain 

Indication of the intensity of the febrile increase of the tissue-meta- 

ihoses, than is afforded by the pulse or the heat of tie body. 

J)ari urine, as a rule, indicates that an abnormal pigment is 

ixed with the urine. Further investigation, however, is required 

aacertAin its import and signification. 

Ocoaatonally, it ia desirable to determine the colour of the urine 

ftb greater accuracy than can be attained by the above rules. In 

^scli cnsca, we proceed as pointed out in Section uv., making use, 

ia the conclusions thence derived, of the hints given in Section cxiu. 

Heller has given another method for determining appro limatively 
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the quantity of ordinarj' colonring-matter of the urme — the vo- 
phff^ine^ as he calls it. (See Ziegler, Die Urosccpie am KroMkoh 
bette. Erlaiigen, 1861. P. 24.) A little concentrated oil of vitnol 
is i)oured into a beaker-glass, and double the quantity of vsnat 
to be tested added to it. When quickly added^ the mixtoB 
assumes more or less of a dark brown up to a tar-black ooloiL 
The quantity of urophseine is judged of from the intensity of tk 
colouring. Ziegler states that the most intense colour of the mitt 
under this test appears in cases of chronic disease of the livery ul 
especially in cirrhosis. He uses this test of uroplucine as a mem 
of diagnosis of these diseases. 

The colour of the urine often depends upon the presence of 
different pigments — both of fluid pigments dissolved in the uiine^ 
and of solid pigments which belong to sediments. In such cases it 
is necessary to filter the urine^ in order to ascertain more correctly i| 
the share which these two sorts of pigments take in colouring it | 

2. Abfwrmal colours of the urine result from the presence in it 
of abnormal colouring-matters, which may be divided into two 
groups : — 

a. Essent'ml abnormal colours of the urine, arise within the 
body as the consequences of certain pathological processes, and 
present, therefore, important indications to the physician. 

b. Accidetital abnormal constituents of the ttri«^.— These have 
been taken into the body as food, driuk, or medicine, and after 
passing through the body, are separated again with the urine. 

The most important of the abnormal colours of the urine 
are : — 

a. The essential^ are : 

1. T/ie colonring-matter of the blood. These colours give many 
different shades, according to the condition of the colouring-matter | 
of the blood, whether separated from or united with the blood* 
corpuscles, decomposed or unchanged, or present in large or small 
quantity in the urine. The shades of colour may vary from blood- 
red, brown, dark-brown, up even to an inky tint. 

For the indication and significance of the colouring-matter of the 
blood in the urine, see Sections xc. and xci., and the cases 11, 12, 
and 13 in Section cxxv. 

2. Biliary colouring-matters give to the urine a greenish-yellow, 
or brownish-green colour. (See Section xciii.) 

3. For the effects produced in the urine by the presence of 
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intAine, nnd the products of ils decomposition, uroglaudnc 
see Sectiou is. p. 48.* 
ithine raroly liaa any appreciable influence on t!ie colouriDg 
nriae. It is only in those cases in which a very coasiderable 
of uroxanlhine is present, and where there is a deficiency of 
that the urine takes a lemon-yellow colour — in cholera 
tions-of the spine, for example. Chemical analysis is, how- 
alwaya required to show with certainty the presence of 
line. A few drachms of concentrated fmning hydrochloric 
■re poured into a beaker-glass, and the urine — not more than 
to 40 drops — then dropjied into it. If uroxanthine be present the 
iJti passes from a viulet-red up to a blue colour. (See Section xxiiTl.) 
TJroglauciue and urrhodiiie, products of the decomposition of 
ithine, and probably identical with the blue and red colouring- 
of indigo (see p. 48t)i sometimes, although rarely, appear 
Uie tuine, when it has undergone decomposition in the bladder, 
d ft large quantity of carbonale of ammonia has been at the same 
tK formed (cystitis, morbus Brightii). In such cases they may 
very striking colours to the urine— green, blue, nnd violet. 
rt^kucine has a blue, and urrhodine a red colour, and from a eom- 
Utiou of these colours with each other and with the ordinary 
louring-matter of the urine many various shades of colour may be 
ndoced. 
Thus the urine may be of a green — evea of a beautiful graas- 
L, colour, when blue oroglaucine is mixed with a yeUow urine, 
it appears of a blue colour when the normal yeUow is wanting 
vroglaucine predominates; of a violet, when uroglauciiie and 
' le are present together ; and reddish when urrhodine pre- 
». 

Uroglauciue and urrhodine usually form sediments, and therefore 
e urine containing them must be filtered. Moreover, urrhodine 
BBtolres in ether with a beautiful carmine-red colour, and uroglau- 
ne in boiling alcohol with a beautiful blue colour. 
According to Heller and Ida school (See Zeigler, p. 28, op. cit.), 
le quantity of uroxanthine thus found in the urine, may to a certain 
itent be employt-d as a measure of the degree of excitement which 
Vb nervous system has been subjected to, and especially the spinal 

" CotDpnre Heller. Aroliiv fiir Chemie nnd MikroHkopie, I8fi2. b. 121. 
f Bm alM) Kletjsitukf, iu Holler's Arahiv, 18Sn, [i. -llli anil SiolKirur, 
AitDftl. <ier CL^nie und I'hariDtLC. Ihwk flO, p. 130. 
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cord. It is increased in spastic urine, after too frequent coitus 
uuanism, &c., so al$o in all cases of irritation of the urinary organs 
in acute and chronic diseases of the kidneys — nephritis, moibv 
Bright iiy I)eri-nephritis ; and in many other diseases, such as typing 
intermittent fever, cholera, and ursemia. In my opinion, howem, 
the therapeutical and diagnostic indications obtained from sodi 
investigations must be used with great reserve, as we know so litde 
of the origin and signification of uroxauthine. 

4. Uroer^tkriney which exists only in abnormal urine, when 
dissolved in the urine gives it a red colour, and irhen precipititoi 
with sediments of uric acid and urates, gives to them a brick-ied,or 

rosv-red colour.* 

■ 

Nothing certain is known concerning the composition and mode 
of origin of the uroerythrine in the body. a 

b. Accidental coiouring^matters. — Different colouring-mattcB | 
taken into the body with the food and drink, and with medidne^ 
pass away from it again with the urine, and impart a colour to it 
On this subject we possess much information,t but it is of Im 
value to the physician than to the physiologist and the chemist. 

Under this head may be mentioned two colouring-matten of 
interest to the physician, which are contained in drugs in freqvenl 
use, viz., rhubarb and senna. Tlie colouring-matters in these drugs 
pass away with the urine and impart to it a colour similar to tlul 
of bile-pigment and the colouring-matter of blood. Both of them 
can render the urine brown, and even of a deep bluish-red colooi. 
The nature of this colouring-matter is readily, however, distill' 
guished from that of the blood by chemical agents. Urine, coloured 
by them, becomes clearer and of a lightish-yellow ; on the addition 
of mineral acids, whilst urine coloured with blood does not be- 
come lighter, but in fact rather darker when these acids are added. 



section lxxxv. 
Odour op the Urine. 

The odour of the urine is but of little importance to the physiciani 

• HeUer, in his Arohiv, 1853, p. 391. 

t See the experimentB of Kictzinsky, in Heller's Arohiv. fiir Chemie niid 
Mikr., 1852, pp. 184, 211, 338. 
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sign of disease. Many subatances, likf the cutouring-mntters 
ribed in the last section, pass through the body and are dia- 
lled with, and impart a peculiar odour, to the urine. Such an 
IT will often indicate to the piijaiciao (hat the patient has taken 
an kinds of food or medicine. Ihas, the urine hus a peculiar 
ir when asparagus has been eaten. So also when turpentine has 
I swallowed, or inhaled in large quantity, it has an odour of violets. 
smell of soflron and cabebs, &c., may also be detected in it. 
It has been lately asserted by French pathologista (De Beauvais 
A otliers), that the peculiar odour of asparagus, oil of turpentine, 
L, does not appear in the urine in cases of organic diseases of the 
Ineys. However valuable thi» means of diagnosis may have been 
kses of albuiniuoria, in which (in the absence of other signs) it 
doobtful whether the kidney-affection was functional or organic, 
■iboold, nevertheless, after making some experiments on the 
bject, advise the observer to accept the statement with caution : 
ound, for instance, the chnracteristic odour of asparagus and of 
of turpentine present in the urine in two cases of albuminuria, 
which subsequent posi- mortem examination exhibited partial dis- 
ktion of the kidneys. 
[ealthy urine bns also a specific odour, which Heller attri- 
ed to the colouring- matter (urophteine). The odour, however, 
it probably depends upon a variety of odorous matters, for 
ileler, by the distillation of urine, succeeded in obtaining several 
itilc acids — pbenjlic, taurylic, damyluric, and damolic acids 
ctiou VIII.), Tlie odour of the urine is probably modified by the 
B88 of one or otlier of these acids. 
Tile odoni of the urine is peculiarly affected by the presence of 
IDcb carbonat* of ammonia, tlie " urinona-odour" (as it is called) 
f patieuta, depending chiefly upon the presence of this salt. 



Thb Clbab ok Tuebid Coxditiok of TBS Urinb. 

The urine is cither clear or cloudy. Slight turbidity of it is pro- 
ceed by small floating flocculi. When the turbidity is more marked, 
pad the urine has stood for some time, a precipitate lakes place, and 
in this way a acdimeat is fonned. The turbidity of the urine is 
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lb was originally itcid Trom the presence of acid phosphate of 

I, the ammouia timy he uneijually distributed through tlie urine, 
leader some portions of it alkaline, or it may produce an alka- 
atmosphere in the upiier layer, wherehy reddened litmus-paper 

nulervd blue. Other portions of the urine may at the same time. 

tcid from the presence of acid phosphate of soda, and so redden 
litmus-paiier. In like manner, we often notice, on the sur- 
of nrine which has become aramoniacal, but which still has a 
itl; acid reaction, a pellicle of crystalline ammonio-pbosfihate 

nagnesia, nhich, according to its chemical properties cannot 
an add fluid. 

?he chemical reaction of the urine yields the physician several 

fill indications, and is, moreover, a very simple test. It is there- 
a valuable sign ; but its real meaning can only be obtained by 
ler inveatigatioD. 

t i» not yet known positively what acid causes the, acid reaction 
urine, The acidity, as it woidd seem, does not depend upon 

presence of a free acid, but ia probably caused by acid salts, and 
lost cases by the acid phosphate of soda. In many cases it may 
depend upon acid salts of the urates, hippurates, lactate.", and 

>hat€8. 

be mine may lose ita acid state, and may even become alkaline 
T two essentially different conditions : 

I. Carbonate of ammonia may be formed in the urine aft«r it has 
I pimscd. In such case, when the quantity of the Ciirbouate of 
lonia is small, the urine ia neutral ; when it is large, alkaline. 
development of carbonate of ammonia ia caused by the decom- 

ition of urea, which, under certain conditions, by the absorption 
iter, is converted into carbonate of ammonia. 
1 equiv. urea (', II, N, O, 
i „ water H . ^0^ 

c, H, N. o; 

2 eqs. of carbonate of ammonia = 2 (N 11,0, COJ. 
rbc conversion of the urea into carbonate of ammonia is caused 
the presence of a ferment, of a body in a state of decomjioBition, 
ich dct^oTniMfsition it also cxiiles in the urea. Tlie mucus and 

secreted by the niucona membrane of the urinary passages form 
unnent of this nature.* As uriuc invariably contains uren, ii 

1 have made nutnj esperimeDts ou this point. The urino of patient* 
lUuding frara 12 to 24 hours, coDStantly gave an alkaUnu 



the iiriuary passages— i.e., before it is passed. The i 
may appear onlj after the urine has been passed; ai 
the urine will be acid whcu first passed, becomiaf^ i 
time. Urine almost iuvoriablj beeomes alkaline in 
time ; but ?iealtby urine is slow in becoming so, an 
24r hours after being passed, Consetjnently, when 
passed in an alkaline state, or, when passed bci) 
alkaline witliin S4 hours afterwards, we maj conclod 
stances exist which favour the decomposition of urea 
considerations the physician mnv draw data for dingpni 

One point, however, is worthy of notice here, for i 
may lead the observer into error. When urine, whii 
become alkaline, is added to normal urine, the latter 
ammoniacol decomposition much more quickly thai 
natnraUy, The same thing occurs when urine ia ki 
which contains any remains of ammoniacal urine. 

When, therefore, we would draw any conclusions fi 
urine having become rapidly alkaline, i.e., within S 
being passed, we must be sure that it has been kepi 
clean vessel. Hence, care must be taken that the u 
the patient are not only emptied, but also washed on 
move every trace of the ferment-matter. 

Urine, which has been rendered alkaline by oail 
monia, turns red litmus-paper blue ; hut when Ibe 
aud the carbonate of ammonia thereby driven off, th 
oaoex becQuiBa red *""''" in a 
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to distinguish the alkalinity of the urine produced by carbonate 
unmonia, from the nlkaHnity resulting from any other cause, 
2. There is naother cause, essentially riifl'erent from that just 
Bcribcd, which may render the urine neutral or alkaline. This 
ia to be sought in the constitution of the blood. Under 
iinary circumstances acid urine is secreted from the alkaline blood. 

: kidhe^'s, therefore, through their secreting- eel Is must possess 
property of separating acid salts from alkaline blood, or of form- 
tbem and passing them on into the urine. When, however, the 
Dod is ioordinatciy alkaline, the urine separated from it, as a rule, 
its acidity, and becomes neutral or alkaJine. Thus tlie urine 
■comes alkaline, when a large quantity of caustic alkalies or of car- 
mates of the alkalies is taken into the system, and continues so, 
itil the excess is separated from the blood. 

Caoatic soda, potash, magnesia, atid lime, and their carbonates 
It in this way; so hkewise do all vegetable acid salts, which 
■e converted in the body into carbonates, and as such separated 
ith the urine — the acetates, citrales, malates, and tartrates. All 
bodies, when given as remedies in large doses, render the urine 
Valine, and often in a very short time. Dr. Bence Jones found, 
lat 120 grains of dry tartrate of potash, dissoI\'ed in four ounces of 
ater, made the urine alkaline in 35 minutes, and that the alkaline 
MCtion disappeared two hours later. Smaller doses, which are 
isuKcient lo make the urine alkaline, diminish the quantity of acid 
lit. 

food acts in a similar w^y, and, according to its nature, increases or 
iminishes the alkalinity of the blood. The urine of carnivorous 
oimals is acid, of herbivorous animals alkaline. A similar action 
f food ia observed in man, but in a less degree, his diet in most 

ses being a mixed one. 

Certain organic processes also — results of the secondary meta- 

Drphoais of the food — undoubtedly influence the condition of the 

ine, by altering the alkaline condition of the blood. The nature 
these processes, however, is at present very obscure, and it in 

dy by very difficult and complicated investigations that we can 

ipe to obtain an insight into them. Tlie following conditions, 

iwever, may be noticed as probably influencing the stale of the 

inc. 

a. Dr. Bence Jones has pointed out, that the acid reaction of the 

ino increases and diminishes inversely with the secretion of the 
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x^zri't jn:ir. He is-^r:* tru: :Ivr Tirin-r i* mc*t acid at the tun 
wLrfi rL-r ?•■ -yih • .r.-.iTL* ::: i:: 5 sfhir^vi-n, or when the secretun 
lua -j^i; r-.: ^'L-^ i-A.^ :. :..t b-->.-i : j^l ul-t, on the other hand, 
it brro::.-? i^iz-*!; aiii cr even alkaline :n proportion as add 
Ti«tr.o >:':r-.-::oL i? ?cl iri'-oi fr. r. lie bl>:-^. 

Uri:;,rt'i::At<:>.- tl.e esperlziei.:* T^rrfomed bv Dr. B. Jones on this 
point ir: :. .1 o nci'iaiTe. In :hes*ry as in aln3'j»5t all his €xpeiimentB 
on the q Minritutive ar^ilvfi* of the urine, the amount of acid is 
rcckor^ed for 1 '.">') parts of orlne, asi not for the particnlar hooilj 
secrtrion or :t, as it shouli w, if rrusiworthT conclusions are to be 
drawn from them. Experiments, which were performed partly bj 
myself and partly by others under my superintendence, inyariablj 
showed that the irreatest quantity of aciJ passed with the urine per 
hour was evacuated ■ luring the night, and the smallest quantity in 
the hours l^efore middav; anl that the nnantirv in the afternoon 
•afti-L- the chief meal of the da v. was a mean between the tvo. 
These exi)eriments, therefore, do not agree with those of Dr. B. 
Jones ; they do not, however, positively contradict them, as other 
circumstances mav influence the amount of acid in the urine. 

m 

Dr. B. Jones' hypothesis, theoretically considered, certainly seems 
reasonable enough. A quantity of acid is separated from the blood 
with the acid gastric juice, and the blood then^by rendered propor- 
tionally more alkalim-; and consequently, at the same time, less acid 
is >t'[iardted with the urine. It is, however, iwssible, that the 
alkali, which was combined with the acid of the gastric juice, may 
not remain in the blood, but pass into the bile ; and if so, then the 
secretion of the gastric juice would occasion no alteration in the 
alkalinity of the blood, and consequently the secretion would not 
influence the quantity of acid in the urine. The investigations of 
Dr. W. Roberts confirm Dr. B. Jones' \-iews. (See Section cxmh.) 

^. According to the experiments of Liebig and others, the juice 
of muscle is acid, or at least it becomes so immediately after being 
expressed. And as the urine in carnivorous animals is rendercil 
acid by the constituents of the meat which they take as food, it is 
probable, that in men (as in animals) a part of the acid of the urine 
— perhaps the greater part of it — is derived from the fluid resulting 
from the metamorphosis of their own muscular tissues, which passes 
into the blood; or in other words, that the acid of the urine is in 
part a product of the metamorphosis of the muscular tissues, lliis, 
however, is not the place to discuss this difficult question. 
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purposes of the physician, the following are the chief 

« be notified in reference to the reiiction of Ihe urine: — 

«rf Tcaction of the urine. — This is the natural state of the 

'Hie informntion which it affords, viz., the non-existence of 

diseased conditiuDS of the body, is of a negative kind only. 

''■ijther conclnsiona must be derived from the quantitative 

of the acid in the urine. A very acid condition of the urine 

nvour the formation of certain sediments or concretions, 

■lly of uric acid, or may occasion irritation of tlie kidneys and 

passages. 

-^feutral or atlmUae reaction of the urine. — This condition of 
10 is always of importance to the physician ; and shows that 
investigation is required. We liave, in such case, to note 
lUowiDg particulars ; — 
The alkaline action may depend upon the presence of carbonate 
BiDOuia; the urine, in such case, turning reddened titmuB-pa))er 
uid Ihe paper becoming again red on drying. This condition 
tcsulta (probably the only exception being the rare case, in 
carbonate of ammonia passes directly from the blood into the 
decomposition of the urea in the secreted urine; the 
ition being caused by blennorrhoea or purulent secretion 
limited) of the urinary passages, whether idiopathic or 
iptomatic. The decomposition may depend on a great variety 
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b. Or, again, the alkaline reaction of the urine may result from the 

L nfmence of a fixed base uf potash, soda, or an alkaline earth, in 

e the urine turns reddened lilmua-[iaper blue, and it remains 

b|foe when <lry. The causes of the alkaline reaction in this case 

' be : — the thera|)eutical use of caustic alkalies, of their car- 

lates, or of salts of vegetable acids ; the too great indulgence iu 

i containing them ; or alhirations iu the jiroducts of the meta- 

Mia of the tissues, as above referred to. 

e value of this neutral, or alkaline condition of the urine to 

Kfbyncian, as a scmiotic sign, depends chiefly upon whether the 

s temporary or permanent, 

t the urine id only tcm[Kirari1y neutral or alkaline, at a certain 

B of the day, some hours, for inslance, after eating, or after 

cotain kinds of food have been taken, or on particular days, theu 

tbe coaditioi) is one merely of a physiological character, and has no 

practical pathological signi&catioii. 
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If, however, the urine is frequently or permanently alkaline, b- 
portant semiotic and practical conclusions may be derived from it 
These, however, are different in different cases : 

1. The cause may be blennorrhoea or purulent secretion of tLe 
urinary passages. Diagnosis in this case is derived from.the &ct 
that the urine is alkaline, and contains mucus, or pus, and cijstali 
of ammonio-phosphate of magnesia ; 

2. If the cause is the prolonged use of caustic alkalies, or thdr 
carbonates, or vegetable salts, the diagnosis is manifest enough; 

3. With r^ard to the cause of the alkaline urine resoltii^ 
from changes in the metamorphoses of the tissues very little is 
known; but the following may be mentioned as probable causa: 
partial arrestment of the metamorphosis of muscle, weakness of the 
nervous system, anaemia and chlorosis, defective nutrition, and i 
enfeebled states of the body generally. Bademacher has rendered | 
great service by calling especial attention to the facf*^ that a perma- 
nently alkaline condition of the urine is always an affection whid 
requires the employment of steel and tonic medicines. Fron 
what, however, has gone before, it is clear that this is only true in i 
limited sense; and, moreover, the attentive observer will find ii 
such cases, that the pale colour of the urine is generally a modi 
surer indication that iron is required, than its alkaline condition, 
which, indeed, is often absent in patients of this kind. 

The rational treatment of this condition is often very difficult. 
The great point, however, is always to discover and combat the 
cause of the alkalinity. It is very bad practice, arising from an 
erroneous idea of their chemical history, to give acids in all cases, 
whenever the urine is alkaline. When the alkaline state of the 
urine depends upon irritation of the urinary passages, originaDy 
excited by a too acid and irritating condition of the urine with di ' 
formation of uric-acid gravel, demulcent remedies with carbonates 
of the alkalies, or acetate of potass, are the proper remedies. 

The assertion, so often repeated, that benzoic acid, taken inter- 
nally, renders alkaline urine acid more readily, and with greater 
certainty than other acids, has not been confirmed by the results of 
numerous experiments performed by me on the point. I 

• Rechtfertigung der verstandesrechten Erfahrungsheillehre. 2 Aufl., Bd. 
2, p. 211. 
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SECTION LXXXVItl. 



Albumen. 



ni. Abnoshal Constittjents uf THE Ueink. 

i abnormal states of the urine nbich come under this head are of 

great practiral importance, for they invariably indicate the existence 
of disease in the body. Every abnormal constituent of the unne, 
moreover, hits its own special signification. We shall, therefore, 
proceed to consider separately the different abnormal constituents 
met with in the urine. 

■ I- The mode of ascertaining the presence of albumen in the urine 
■"liaa been already pointed out. (Section xix.) I shall, however, 
«tioe again return to the subject, for the application of the test is 
not so simple as it might at first sight appear. Certain precautions 
are requisite. The physician may, indeed, readily be led into error, 
■t one time ovErlooking the presence of albumen, and at another 
tlunking it present when it really is not so. 
Albumen is di.tcovere(l in the urine :— 

1. By tie addition of nitric acid. When much albumen is pre- 
•ent in the urine, nitric acid causes a deep white cloudiness in it, or 
UMJ cvca convert the fluid into a whitish mass. In such cases no 

L doubt can exist as to the presence of albumen in the urine. But it 
ifl dillerent when only a small quantity of albumen is contained in 
the urine ; in such case, a slight riondiness may be overlooked, or it 
vaj depend upon the precipitation of other matters, and especially 
of u»te» — more rarely tif urea — and may be mistaken for albumen. 
In such cases, therefore, we must add the nitric acid cautiously. 
The best process is that recommended by Heller. A small glass is 
filled two-thirds full of urine, and a little nitric acid then carefnlly 
and very slowly poured down its side, so as to allow of its collecting 
in the bottom. A well-defined turbidity will then be observed 
in the layer of urine above the nitric acid, if the urine contain 
albumen. This cloudy layer contrasts with tlie rest of the urine, 
and cannot be readily overlooked. In this way the minutest por- 
tions cf albumen may lie discovered in the urine. 
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n. Wliat indication does the presence of iilbiuneu in llie uriue 
ild to tlie physician ? 

The oDswer to this question, which has much occupied the 
lUon of pathologists and thernpeutists, is very difficolt. Great 
on, indeed, is required in judging of the significatiou to be 
Mcbed to the presence of albumen in the urine. Erroneous con- 
uions may be readily adopted, and unfortunately often are so in 
is matter. Thaa, some persons havc^ held that albuminuria is a 
Bltive sign of organic disease of the kidney. 
The following remarks will here serve to assist iia in the matter 
llia^u^s and prognosis : — 

1. The albumen in the urine may depend upon organic disease, 
nnected with serious alteration and disorganisation of the paren- 
ymfl of the kiduey. (Exudation into the renal tubuli, alterations 
uid separation of the epitheUutn, — Brigbt's disease, amyloid 
^eration of the kidneys, &c.) We may be sure that this is the 
e when urinary cylinders, or epithelium from the urinary tubuli, 
e found in the urine. We may suspect that the albumen depends 
m oi^anic disease of the kidney, when dropsy is also present; 
' when albumen in large quantity lias been present for a long 
e — weeks or months— in the urine. Prognosis, in such cases, is 
Bvourable ; recovery seldom occurs j though it may do so in 
le exceptional cases, when the parenchyma of tiie kidneys is only 
Vtially diseased. 

n. The albumen in the urine may depend upon some local disease 
the urinary organs, there being no Brigbt's disease present. 
The urine Incomes albuminous when blood, blood-plasma, or pus 
mixed with if. But, in such coses, the urine contains, in addi- 
m to the albumen, blood-corpuscles, colouring-matl«r of the 
ood, fluid or coagulated fibriue, and pas -corpuscles. The dia- 
of these abnormal constituents of the uriue will be found iu 
B following St^ctions. 

It would appear that the urine may, to some rare coses, become 
bumioous through the mixture of semen with it.* Irritation and 
fpersmia of the kidneys may also render the uriue albuminous ; 
8Qcb cases, the capillaries of the kidneys are probably so altered 
to permit the albumen to Alter through them, and pass into the 
ine. lliis is sometimes observed after the use of powerful 
iretjcs, canlharides, &c, ; aft<T Ugnliirc nf the rennl veins, or of 
■ Dr. Denoe Jones' AaiuiBl ChemisLr;, ISdO, p. 1(18. 
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the aorta below the origin of the renal arteries, after the injection of 
a large quantity of water into the blood, and especially under Ume 
conditions which occasion increase of the blood-pressure in the lenil 
vessels. Manv diseases undoubtedly exercise a similar infloeDceon 
the kidney, and thereby render the urine albuminous. 

III. There arc certain alterations of the nutritive processes also, and 
of the blood in particular, which probably occasion the passage of 
albumen into the urine, independently of any local affection of the 
kidneys. But of these alterations and of their mode of action le 
know, as yet, very little. The following facts are worthy of con- 
sideration under this head : — 

a. Albumen veiy often appears in the urine, when the blood 
contains much water and little albumen; Hyp-albnminosis, Hj* 
dreemia; 

b. When albumen in solution is injected into the blood of animal 
their urine sometimes becomes albuminous, and sometimes not 
Experiments of this kind liave led to the hypothesis (Conrisui, 
Schiff ), that certain forms of albumen pass more readily than othoi 
through the walls of the renal vessels. It has also been conjectmed^ 
that particular modifications of the albumen of the blood, whidi are 
produced in disease by abnormal tissue-metamorphosis, occasion 
albuminous urine. 

Whether or not any visible alteration of the kidneys, hy|)ersinii 
and enlargement of the blood-vessels, with partial separation of the 
renal epithelium, really exists in the cases a and b, here men- 
tioned, cannot be ascertained. This much, however, is certain, that 
such affection of the kidneys, whatever its nature, is only temporair; 
and consequently, that it is not possible to decide as to the existence 
of any organic disease of the kidneys — ^Bright's disease — simply from 
the presence of albumen in the urine ; other signs, such as fibrinou 
casts, are required for this purpose. We cannot, in fact, conclude 
with certainty as to the presence of Bright's disease, except in those 
cases in which the urine has been constantly, and for some length of 
time, albuminous. 

If we have sufficient reason to believe that Bright's disease is not 
present, we have then to decide whether the albuminuria depends 
upon irritation of the kidneys, or upon some changed condition of 
the blood. The answer to this requires a further investigation into 
the case, and cannot in the majority of instances be given with 
certainty. The question is, however, often one of much importance 
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zeguds trcatmeut, especially when we have to decide as to the 
I of diDietics. 

Sometimes a quantitative analysis of the albumen separated with 
nriae is desirable, in cases in which we wish to know how much 
lOKD is in this way removed from the budy, and whether or not 
have reason to fear impoverishment of tlie blood. Hyp-albii- 
losb. Hydnemia. 
The following considerations will assist the physician in thn 
an^tative estimation of the albumen. The percentage of albumen 
the urine must not only be determined, but it must be determined 
r A given time, and, best of all, for ii hours. 
The quantity of albumen which is passed with the urine varies 
eatly, from a minimum of Iras than 1 gramme up to 20 and even 
t grammes in the 24 hours. Keeping these facts in mind, the 
» of albomen through the urine may be considered under the fol- 

heads r — 

The loss is insignificant, and has scarcely any influence over the 
kM>d or the metaraorphic changes, when the quantity separated is 
■ tiiao S grammes in the 2i hours ; 

The loss is moderate when the daOy quantity averages from 6 to 
grammes; 

The loss is considerable, when the quantity of albumen exceeds 
9m 10 to 12 grammes in the ii hours. 

We very rarely meet with cases in which as much as 20 grammes 
id upwards of aibnmen are passed in the 24 hours ; or in which 
ch a quantity is passed for any length of time. 28'3 grammes 
ka the maximum quantity observed in a great number of cases 
restigated by myself. 

In endeavouring to ascertain what infiuence this loss of albumen 
s upon the constitution of the blood, and how far it operates in 
duciug an abnormal diminution of the albumen in the serum of the 
ood{Hyp-albumiuoBis, Hydrjemia),wemust proceed as follows: Let 
sttppose that all the most unfavourable conditions are present, so 
it the serum forms only about one-half of the whole mass of the 
ood, and that an adult has about 6000 C. C. of blood-serum, 
Dtiining 8 per cent, of albumen, or ISO grammes of albumen in 
e whole. 

Thus if we suppose, that so long as the albuminuria lasts uo 
bumen is formed from the proteine-bodies which are tsken as food, 
id from the luemato-gtobuline of the broken-up blood corpuscles. 
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If now^ we suppose^ that an average of 10 grammes of albumen ut 
passed daily^ i.e., lUO grammes in 10 days^ the quantity of albumen 
in the blood would be reduced to S80 grammes^ and the rektiit 
proportion of blood-serum from 80 to 64 per 1000 in that time. 
Such a condition would of itself indicate a moderate degree of 
hydremia. A similar loss of albumen going on during 26 im 
would reduce the quantity of albumen in the blood down to 37 pa 
1000 — which corresponds closely with the minimum amount of 
albumen in the blood-serum observed by Becquerel and Rodier. 

Such considerations indicate^ that in cases in which the albumen 
in the urine is veiy abundant^ a high degree of hydraemia may he 
induced in a comparatively short space of time. Experience, how- 
ever^ tells us^ that the action of albuminuria on the constitution of 
the blood is rarely ever^ in fact, so considerable, except in cases 
attended with acute fever, and in patients in whom the appetite ii 
lost, and the digestive powera prostrated. It must be remembered, 
that 100 grammes of meat contain from about 15 to 20 parts of 
proteine-matters, which, if the digestion is good, are almost whoHj 
converted into a soluble form of albumen, and pass directly into tlie 
blood ; consequently, a daily loss of 10 grammes of albumen maji 
under favourable circumstances, be replaced by an addition of 
three ounces of meat, or of a corresponding quantity of proteine- 
food to the daily diet. In fact, we often observe cases in which, 
when the digestion is tolerably good and there is no fever, a 
moderate degree of albuminuria continues for months, without pro- 
ducing any perceptible hydremia. 

The means ordinarily employed for ascertaining the quantity of 
albumen in the urine have been already described. Heller has given 
a process for ascertaining indirectly the quantity of albumen in the 
urine.* 

It is applicable in most cases, where very accurate results are re- 
quired. The following is the mode of proceeding: — A certain 
quantity of urine — 10 to 15 grammes — are evaporated; the extract 
dried over sulphuric acid, and the quantity of solid residue deter- 
mined. Another portion of the same urine is weighed in a small 
flask, treated with as much acetic acid as is required, boiled until the 
albumen is completely separated, and when cool placed on the 
balance and again brought to its original weight by the addition of 

* Heller's Archiv. 1852, p. 266. 
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then filtered, and a certain quantity 

weighed off, evaporated, and the residue dried over 
phozic acid. The difference per cent, between the residue of 
I original urine and of the residue of the nrine freed from albumen, 
boiling, gives the quantity of albumen. 

This method of proceeding is, unfortunately, long and tedious, and 
, therefore, be seldom resorted to by the physician, especially in 
9 in which he desires to ascertain for weeks and months together 
quantity of albuineu in the urine. In such cases the quantitative 
imatiou of the albumen may be made by the polarising apparatus, 
recommended by Uoppc (Tirchow's Archiv. Vol II., p. 574). 
oUier process recommended by Boedecker (Henle and Pfeufer^s 
UteArift, I8o9, p. 321), viz.; the determination of the albumen 
lametrically by means of ferrocyanide of potassium, gave very un- 
Isbctory results in my hands. 

A. much more simple process is followed when the physician 
to obtain merely an approximative idea of the quantity of albu- 
in the urine, when for example, he would know whether the 
itity is great or small, or whether it is on the increase or ia 
nishing. 

The albumen in different specimena of urine is precipitated, either 
boiling or by nitric acid, in test-glasses of esactly the same 
ameter, and the precipitate left at rest for liJ or 24 hours, 
relative quantity of the albumen in the urine may be in this 
ly readily estimated. The urine of different days, after precipi- 
ion, is preserved, and by a comparison of the relative amount of 
jbumen iu each specimen we learn whether the albumen diminishes 
The amount of albumen may be still more accurately 
stennined if, instead of using the ordinary test-glasses, we pour the 
iiled urine into glass-tubea of exactly similar diameter (j to J of 
inch), which are closed at bottom by a smoothly cut and well- 
Ring cork. In the course of 12 to 24 hours when the albumen 
completely precipitated, we can, by placing a measure by the 
le of the tube, determine, in lOths and lOOths, what propor- 
m the albuminous precipitate bears to the urine itself. 
It must be remembered, however, that in this way we ascertain 
B relative, not the absolute, quantity of the albumen in the urine, 
lesides this, such methods of estimating the albumen are never 
[togetherto betrusted, Tbusfor inslance, Ihe precipitated albumen 
)U occupy a greater or a less space according as the albumen is 
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SiCTJI^ LXXXIX. 



F-'nrze ^roDSdzis araea:« in i^ niiae in a coagulated as vdl li 
n & ±izi£ foci. 

O.-kbTLiicec i'rczK icoeaTs in the form cither of large partidei 
f-isiiitz 7c iin zuxa£ fjf. a§ bizod-coagnla in fact, which are readi^ 
rrorcTL^sei. uii caztx bf Eiiicaken for anr other body (see tk 
:':l': ¥-z:£ Sr-.'OM : :^:- s:*:* nrsJj, in the form of colourless, soim^ 
T-ii'T^ s.oi ki'i s: rit^nzje* j'T«.T-Hkt cokgula ; or again^ of venr small 
:ajrj:jr* i:s.':irf :cl.^ ▼ti li-r micjoscope, luinanr cast^, to. (Ser 

T.zji i'r^rjD* -i tie ^ae forms the so-called coagolable niioe^ 
▼ ijri » :*iiz»rteraiec rj lie circumstance of fibrinous coagnb 
v-.- T-'TA,- iL :: ji.^E>r lirjr, e«£9Kxa]LT several hoars, after it has been 
TiEj^iei : 5:>E>f^:L::Df« ibe cokgula are onlv found at the bottom of tbe 
Ci&ss^ :.-c=ii^ *iij«^ a suTi o: adhepeni sediment in the lower layer of 
•irz?; : »3»e:i=>» the cr^^iilum eireads through the whole of tbe 
♦lt^d;. »Z)i oMven* n inic a t»mpieJelT gelatinous mass. Coagnkhk 
ur.Tie vM* liis kiai is Tfij nj>elj obserred in Europe ; but is met 
wi:i iz coes* c;aata* erf tbe world, and, according to Raver, in the 
llaurlt:u5. 

T^ £bro-^lax£Da«s mass thus formed mav be readily confounded 
with thai which is much more fxequentlr obsenred with us, and 
vfaich is fonoed bj the action of carbonate of ammonia, in unnc 
ikii in it« upon pus-corpuscles contained in the uiine, as ofia 
Imp pfifc* in cases of macal catarrh. (See Sections cir. and cv.) 



BLOOD IN THE URINE. ao7 

Coiigiilnble urine sometimes contains blootl also. In such case we 
not be sure that the urine cont^ns Bbrine as well as blaod, unless 
fibrinous coagulnm is so large that it cannot be ascnlied to the 

of the blood only. 
once met with such a case, in a woman wlio was suffering from 
3{[faf a disease. Here, for a long time, a very pale-red fibrinous 
"via, containing numerous pus- corpuscles and a few blood- 
rposdes, was regularly formed at the bottom of the vessels some 
ITS after the urine was passed. The few blood -corpuscles present 
wed that the blood which they represented was not sufficient to 
oduce the whole of the fibrinous coagulum. 
Iiulieatit»t. — The presence of fibrine in the urine, whether in a 
id OF a solid state, always indicates, that, at some part of the 
riii&f^ surfaces, an exudation of a fibrinous fluid (blood -plasma) has 
":eu place. In most eases the fibrine escapes out of the kidneys; 
t it may be exuded from any part of the urinary surfaces. 



SECTION ic. 



Blood in the Ubinb. 

{Blood-corp utciea. — Blood-cougu la ) . 

I A. Test. — The urine has the colour of blood ; and under the mi- 
lOBCope shows the presence of the characteristic blood -corpuscles. 
Ion XLin.) If the quantity of blood be very small, we cannot 
sure of finding the blood-corpuscles unless the urine has stood for 
me time. After standing the blood -corpuscles fall to the bottom 
a red eediment, so that we may, indeed, in this way often recognise 
B presence of a very small admixture of blood with the naked eye. 
tny doubt exist as to the nature of the sediment, it must be 

led by the microscope. 
The blood may coagulate in the urinary passages, if the quantity 
it be tsther large, and so as to close them up, producing thereby 
^suris, strangury or retention of urine, and sometimes occasioning 
le formation of calculi. Or the coagulation of the blood may take 
bcc in the urine after it has been passed. (See Section i.xxxrx.) 
B. Induriilifin . — The presence of hi ood-corpn soles or of blood- 
Nttgula in (be urine always indicates, that bleeding bss taken place 
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large amount of hsemato-globuline is set free, granular pigment 
collects in the bloody and may produce serious results bj obstroctiDg 
the capillary blood-vessels, especially the cerebral vessels, tt 
therefore appears advisable to examine the blood microscopiciDj 
in all such cases, to ascertain if it deposits pigment-matters, befae 
giving a prognosis. 



SECTION xcu. 

Fat. 

C. Mettenheimer. ArcAiv /. GemeinscA. Arbeiien, Bd. 1, Ht 
8. p. 374. 

A. 6. Lanz. Be adipe in urind. Dorpati, 1852. 

L. Beale. London Microsc. Journal, Januaiy, 1858, 1, 2.-- 
Schmidt's JaArbucA, 1858, 7. p. 7. 

Kletzinsky in Eelle/s ArcAiv, 1852. p. 287. 

Our knowledge concerning the origin and the signification of ftt 
in the urine is still veiy incomplete. We know not^ with airf 
certainty, how often, in what quantity, and under what conditiom it 
appears in healthy urine ; and little has been hitherto ascertained of 
its origin in diseased states of the body. The subject, thereforei 
requires further investigation. It seems probable from what we do 
know of the matter, that the presence of fat in the urine will some 
day give us important information as being the indication of several 
pathological conditions, and particularly of fatty disease of the 
kidneys. 

A. Tests. — To ascertain the presence of fat in the urine, we resort 
to the process pointed out in Section xxx. The best way of pro- 
ceeding is the following : — 

1. Sometimes we are able, with the unaided eye, to see specks of 
fat in the urine similar to what are seen swimming on soup. These 
spots must be further tested by trying whether the stain which thej 
make on paper remains after the paper has been dried. In all cases 
the physician must be sure that the presence of the fat is not acci- 
dental — that it is not derived from any oily or fatty impurities 
accidentally attached to the urinals, &c. This source of deception 
is far from uncommon. 

2. In other cases the fat is recognised by the microscope. It 
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in the form of drops or granules, well known to all micro- 
observers, either free or euclosetl in cells, in exudation masses, 
in fibiinoaa cylioders, &c. To tiud these fatty particles we must 
[ier seek far them in the supertlcial layer of the urine, where they 
uEy fioat on account of their light specific gravity, or at the 
Itom of the urine when the fat is enclosed in cella or coagulu, 
licll form sediments. 

3. The fat, again, may be in snch a minnte state of division in 
E ariue as not to be recognisable even with the microscope. In 
ch case we must ascertain its presence chemically, as described in 
ctians xxx. c, and lxxvii. 

V. Intlieation, — It would appear that fat in the nrine, when not 
mere temporary occurrence, ia an indication of importance to the 
f sician, as showing the probable eiisteace of fatty degeneration 
the kidneys, which may exist alone, or may be associated with 
Dtntction of the kidneys, — one of the numerous forms of the 
-called Brighf s disease. In the last case, the formation of fat 
cure either in the accreting cells of the kidneys, the epithelia of 

Qtinai; canals, or it arises through fatty metamorphosis of esu- 
itJona deposited in the kidneys. 

It is, however, not improbable that fat in the urine may depend 
ion other causes besides those here mentioned. Thus it may 
pend: 

Upon a fatty degeneration of the epithelial cells of the uretfira 
id the bladder ; 

Or npoD an excessive amount of fat in the blood, which possibly 
ky occasion the passage of fat Into the urine, unaccompanied with 
y degeneration of the parenchyma of the kidney : 
If we wish to study this fatty condition of the urine more closely, 
iriil be necessary to determine the amount of fat quantitatively ; 
' this may be done eitlier by an approximative estimate of Uie 
nntity ; or, and more accurately, by chemically extracting and 
aghing the fat, which is passed with the urine in a given time — 

SI houFH. The quantitative determination of fat may be ascer- 
jaed by the process described in Section i.xxvii., or, better still, 
«T Kletzinsky's method. Kletzinsky first boils the evaporated urine 
th alcohol, to which a couple of drops of acetic acid have been 
ded, again evaporates to drvness in a water-bath, and then extracts 
th ether. By this process the organic matter is more thoroughly 
posed to the fot-disaolving power of the ether, and any saponified 
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fit vhicli may be present is robbed of its alkaline base, and innr- 
ponted with the ethereal extract. These processes are, howeWi 
troablesome, and require much time for their performance. Toj 
few attempts of this kind have as yet been made; in bdL, I m 
aoqaainted with no inTcstigations in which the quantity of M 
passed in a given time has been reckoned. The following expoi- 
ments, however, may be of service : — 

Kletzinsky found in the urine of different persons, who woe 
suffering from Bright's disease, the following quantity of &t in 
1000 parts of urine : 024, (^6, 028, 0-85, 087, 048, 1-27. 

Dr. Beale, on the other hand, found in one case 14 parts of &t in 
1000 parts of urine. 



SEcnox xcui. 

BlUB-PlOlCEliTS. 



The bile-pigments met with in the urine are cholepyrrhine and 
biliverdine. The process required for showing their presence will be 
found in Section xxrv. 

Indication. — In some rare cases traces of bile-pigment have been 
found in the urine of persons in perfect health, and particularly it 
the hot season of the year.* The bile-pigment is found present in 
large quantities only in cases of jaundice. 

Its presence may be thus explained : The passage of the bile 
from the liver into the intestines being impeded, the bile enters by 
absorption into the circulation. By this means it accumulates in 
the blood, and is mingled with all the secretions, but most particu- 
larly with the urine. It is very doubtful, whether any primary 
accumulation of bile-pigment takes place in the blood, that is to saT, 
whether it can pass directly into the urine from the blood, without 
having previously formed a constituent of bile, and been secreted 
from the liver. 

The presence of bile-pigment in the urine is of no great value as 
a diagnostic sign, as jaundice is generally to be recognised by other 
signs. In cases in which the yellow colour of the skin and the 
conjunctiva is doubtful, the presence of the pigment in the urine 
may confirm the diagnosis. 

* Soberer, Ann. d. Chem. u Pharm. Bd. 57, p. 180-195. 
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, Hie biliverdine ia generally present in the urine in greater 

mtity than the chulepyrrhiiie ; sometimns only bilivcrdine is to 

ft found iti it. As cholepyrrhine appears to be an original pigment 

I bile, and biliverdine to result from changes in the original pig- 

, wo may conclude, that in jaundice the greater part of the 

i^fngmeiit is changed either during its absorption, or after it has 

Aed the blood, or during its passage into the urine. 



SECTION xciv. 



BiLiABY Acids. 



The biliary acid whicli occasionally appears in the urine is cholic 

id, or rather its two conjugate acids, lanrocholic and glycucholic 

iia. Their presence is showTi in t!ie manner described in Section 

'. : By evaporation of the urine, extracting the residue with alcohol, 

treating the alcoholic extract with smgar and sulphuric acid. 

";ofer's TfgC.) 

Origin and Indica/ioit. — Cholic acid has hitherto been seldom 
Jbund in the urine, and probably because it has been seldom sought 
'for. From observations hitherto made it appears that its presence 
in the urine is closely related to certain diseases. 

A considerable quantity of cholic acid is, under normal conditions, 
oonstuitly poured out with the bile into the intestines. By far the 
greiter part of it is absorl>ed and passes back into the blood; 
wberc the cholic acid is altered and, as such, disappears in a way 
wbieh is not folly understood. If this change does not go on in 
the blood, then the cholic acid may accumulate in the blood, and a 
portion of it probably pass over into the urine. As yet we dg not 
know what the conditions are, which prevent this disappearance of 
Uie ehoho acid in thr blood, and which favour its passage into the 
tuine. We shidl not lie able to determine fully the diagnostic and 
prognostic viUue of the presence of cholic acid in the urine until we 
hxfts ascertained the nature of those conditions. We may, however, 
deduce a few conclusions, on the subject, from the facts before us. 

Thus, for example, it is not altogether inexplicable why we, as a 
xviv, find no cholic acid in the urine in cases of jaundice, where 
the urine is loaded with biliary pigment-matters. When the flow of 
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bile into the intestines is arrested, the bile-pigment^ whose homI 
mode of e^it from the body with the fieces is closed, must pm 
away through a new channel ; and, in fact, it is in part eracnitod 
with the urine. The cholic acid, on the other hand, passes, nor- 
mally, in great part back again into the blood, and there disappem; 
as therefore in jaundice no change takes place in this respect ve 
can readily understand why, as a rule, cholic acid is absent bm 
the urine in this disease. 

Moreover, as the disappearance of the cholic acid takes place ii 
the blood and not in the liver, we should not, as a rale, expect to 
find cholic acid in the urine in diseases of the liver, but rather in 
those diseases of the blood in which the normal decomposition d 
cholic acid in the blood is arrested or impeded. It might be anti- 
cipated that this acid would only be found in the urine in those 
diseases of the liver which are accompanied with -an increase of the 
biliary secretion ; in such case the cholic acid accumulates in the 
blood, and its decomposition there is not complete. 



SECTION xcv. 

Sugar. 

To find sugar in the urine we must proceed according to Section 
XXI. D. If the urine contains a large amount of sugar, the test maj 
be performed without difficulty. The dark reddish-brown colour, 
which saccharine urine assumes when treated with caustic potash, 
and boiled for some time, is a sufficient proof. A further proof 
may be obtained by testing the urine with caustic soda or potash 
and sulphate of copper, or with bismuth and indigo-carmine. A 
certain degree of caution is, however, requisite in the use of the 
last test. When, for instance, the copper-solution (Fehling's or 
Barreswill's test) described in Section Lxv. b. has been long pre- 
pared, the tartaric acid in it readily decomposes, so that on apphing 
the test, boiling may produce an appearance of the presence of sugar, 
wliere none really exists.* Hence it is advisable always to prepare 
the fluid immediately before using it. 

Tlie oxide of copper is also reducible by other substances, which 

• Kletzinsky in Heller's Arohiv, 1853. Heft 1, p. 20. 
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(almoat constautlj present in the urine, by uric acid and mucus. 
! frequently seen experienced physicians thus led into the 
r of believing sugar present in urine which contained none. It 
efore well to apply the other tests mentioned, to control the 
er-t^st. 
, In cases, where the testa here named give no decisive results, we 
f be sure that the urine contains at most only a very incon^der- 
6 quantity of sugar. Occasionally, however, we may wish to 
iw whether or not the urine is perfectly free from sugar, or 
ther it contains a very small quantity — a mere trace — of it. To 
Bwer this question with certainty is difficult. The complex pro- 
eding, described in Section ixi., must be gone through. (Pre- 
ntion of an alcoholic extract of the evaporated urine, of a 
Kharate of potash, &c.) 

To make an accurate quantitative analysis of the sugar in the 
ine, we must proceed according to Section lxv. The method of 
klysia there given is, however, ratlier coraphcated, and will 
efore probably be entrusted, in most cases, by the physician to 
e chemist. In order to learn accurately the progress of the secre- 
Dn of sugar, the quantity of sugar produced in a given time 
lonld he noted — the number of grammes of sugar, for instance, 
teted in one hour. The augar-contenta of urine may be much 
lore quickly determined by a polarising apparatus than chemically; 
J this means sufficiently accurate results may be obtained in a very 
lort time. 
Comparalivc triab of the accuracy of the different processes 
Uployed to determine quantitatively the sugar in the urine {the 
upper-, the fermentation-, and the polarisation- tests) have been 
ade by Wicke and Listing. (Henle und Pfeifer's Zeitschrift Keue 
yye. Bd. vi., Heft 3.) 
Attempts have also been made to determine the quantity of sugar 
I the urine from its specific gravity; and for this purpose tables 
ive been drawn out to show the quantity of sugar, which urine of 
certain specific gravity should contain. This method is much 
ractised in England, but, as Dr- Bence Jones has shown, it is very 
laccorate, and cannot be employed if an accurate estimation is 
eqoircd.* 

* Dr. Benoe Jones, in tho Medical TimeBaQdasxettr, Feb. 4, 1854. gives 
Lthe foUowing rtriking HtuatmtionB of this :— 
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In conseqaence of the difficulty attending the employment of tk 
methods here mentioned for determining the quantity of sugar in 
urine^ I have proposed another process^ which, however, gives onlj 
approximative, not absolutely accurate, results. It is simple, audi 
as a rule, fuUy sufficient for all the purposes of the physician, who 
in most cases requires only to ascertain, there or thereabouts, the 
quantity of sugar in the urine, and whether the quantity increaso 
or diminishes. Tlie process is founded on the fact, that saccharine 
urine, when boiled with caustic potash, assumes a yellowish-brofn 
colour, and that &om the intensity of the colour the quantatr of 
sugar may be determined by the aid of a scale of colours, in the 
same way as the pigment-matter of the urine (See Section uv.). 

The way of proceeding is as follows : — ^A scale of colours is fint 
of all made. A quantity of grape-sugar, accurately weighed, — ^firom 
i to 1 gramme — or, if this cannot be obtained pure, of common can^ 
sugar is dissolved in from 20 to SO C. C. of distilled wat^. (If 
cane-sugar is used, a little sulphuric acid is added, and the mixtoR 
is boiled for some time, until, in fact, the cane-sugar is converted 
into grape-sugar.) Double its volume of a moderately concentrate! 
solution of caustic potash is then added to the solution of grvft- 
sugar, the mixture boiled for five minutes, and allowed to stuid 
half-an-hour. The fluid, which has become of a dark brownidi- 
black colour, is then diluted with water, so that 1 C. C. shall contain 
10 milligr. of sugar. 

A scale of colours is then formed from this fluid in the following 
way : — We take six test-tubes of exactly the same diameter ; in the . 
first, we pour a mixture of 19 parts of water and 1 part of the I 
coloured fluid ; in the second, 9 parts of water and 1 of the 1 
fluid; in the third, 8^ parts of water and 1^ of the fluid; in the 
fourth, 8 of water and 2 of fluid, and so on. In this wav wt ' 
obtain a scale, whose divisions show in 1 C. C. of the fluid \, 1, 1^ I 

Urino of 1023 sp. gr. contained in one ounce 2*2 grammes of sugar. 
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2|, and 3 milligrammes of sugar. If now, we hold the stand 
eontaining the tubes against the window, and observe the colours 

transmitted light, we may, with a little practice, readily recognise, 
liy the inteosity of colour, the particular shade belonging to each 
""rision of the scole. 

We now measure off a certain quantity, 10 to KO C.C., of the 
gaocharine urine to be examined, boil it with at least an equal 

Itunc of cattsttc potash-sotation, allow it to stand for half-an-hour, 
Uttil the dark-brown colour is completely formed, and then dilute it 
nHh water.nntil its colour approximates as closely as possible to the 
of one of the divisions of the scale. In this way we leam, 
Kpptoximalively, how much sugar 1 C. C. of the diluted urine con- 
taios, and can from thence very easily reckon the total amount of 
in the urine examined. 

Ik^ealion. — The explanation of the cause of the presence of sugar 

the urine is very difficult. It may be well, tlierefore, to keep in 

B« the facts relating to the subject which are most important to 

B physician. 

In a practical point of view the subject may be considered under 
two heads : — 

1. In one case the urine not only contains large quantities of 
MOgar, but the sugar is also for a long time together constantly pre- 
aoot in it. Such urine is rarely ever free from sugar, and only 
when the patient has been fasting. 

2. In the other case, the urine contains only traces of sugar, or 
the sugar is a temporal^ accident, or it is present for a short time 
oontinaously, or in an intermittent way, the urine being free from it 
during intervals. 

In the first case, we may conclude, that the well-known disease 
diabetes mellitus, glycosuria, is present. In such case, there are, 
nmally, other concomitant symptoms, which serve to assist the 
diagnosis and prognosis — a large quantity of urine of high speciflc 
gravity, great thirst, wasting, dry skin, &c. This is not t)ie place to 
enter into a general description of the origin, the cause, the progress, 
and the complications of diabel«s mellitus ; and I will oidy remark, 
that the physician in all such cases is justified in making, if not 
absolntely an unfavourable, at least a very douhtfid prognosis. 

According to the observations of Wameke, Scegeu, mystif, and 
others, cases occur in which the urine temporarily, for a longer or a 
shorter period, contains a largish quantity of t<ugar, the subject of 
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pBysiciaii. Ils value, wlieii present, as a sign of disease, must be 
"J hy fotiire iuvesligationa. 



SECTIUN XCVI. 



Accidental Abnoumal Cosstituests. 

TJncJer Ihis bead are comprised the various abnormal constitueois 
the urine, which are derived from food, drink, drugs, &c., and 
» into the urine either changed or unchanged. They render the 
•Oe abnormal ; but the abnormity is cot in all cases to be cou- 

rN*ed as a pathological indication. 
We have already, on several oeeaaioua, spoken of these accidental 
ostituents of urine, their testa, aud signification. (See Section 
iTni.) Their presence in the nriue is of especial interest to the 
and the physiologist,— to the chemist, in bringing under 
notice various products of the decomposition of compUcated 
„_ nic bodies; and to the physiologist, in explaining the changes 
Bich different anhstaiices undergo in passing through the body in 
~ *nd the lower animals, and in thereby throwing light on the 
yoct of tlie intermediate metamorphoses of the tissues. 
A loiowlcdge of these constituents is also of jmportaaice to the 
Sywcian, ami in the course of time will doubtless become much 
^ ^ so. Their presence in the unne is an indication to the 
I"*"*©!*!! that the patient has taken I'crtain foods, drinks, or drugs. 
^*"» from the smell of the urine we can conclude, that asparagus, 
^of tnr|)eDtine, saffron, cubehs, &c., have been introduced into the 
Sy« The colour of the lu^ne indicates the presence of many 
"•ole substances, rhubarb, senna, certain pigment-containing 
■nd fruita; and the presence of other bodies which pass into 
May be shown by chemical analysis. 
, still more importance is it to the physician to know whether 
^"un medicines are separated with the urine, and if so, in what 
^ . ■ ^' ""^ answer to this, in many cases, would show whether 
Anent should continue the use of them or leave them off. 
I many cases of poisoning also, the poison may be found in the 
s ; coost^ucnt]^ jtg examination becomes of imporUuc* in 
tcttl jurisprudence, as well as in diagnosis and therapeutics. 

3 
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Cepper ouj be gencnllj found in the i 
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In cases of mercurial jMMmtaf and mtremn^ i 
demonstration of the prescoce of the nierciny nu^ be o 
lu the Inst caw we ma; wi^ to know whether Ae i 
L'lisU in the body, or haa been whoQ; dim ia ate d . Tor tht fi 
which serve for this, see Section XLnn. 

SaiU qfgime paas readily into the orine, and their p 
ii eaaily recognised. (Kletzinsky.) Mcie/ amj eoialt, b 

^ which, and especially nickel, act as poisons, may be r 
the uriii^. JrKnic and aniimtmji t\ao pass into the i 
may be found there by well-known processes, by n 
apparatus. 

The presence of iodine in the urine is sometimes of i: 
tliu physician, as a sign of the system being under its i 
The quantity of ioiliue in the urine may be very a 
mated. (Si-e Section Lxvt.) 

lu the intcruul administration of carbonates of the alkalies, uAd I 
organic alkaline salts (acetates, &c.), given as dioretirs, or * 
neutralise an excess of acid in the urine, it is iutportant that the | 
physician should have some means of determining how long he nuj I 
^^_ safely continue the use of such remedies, — when he slioaJd letve 

^^H them olT, and when continue their use. In such case the chemiat 
^^^P reactiuu uf the urine is the best indication. As long as the orinf 
^^^1 rt^rnnins ocid these remedies mny be employed without injury, the 
^^^B system not being saturated with tliem. If, however, the urine is 
^^^P distinctly alkaline, not from (he presence of carbonate of ammoiui 
^^B^ (see Section Lxxxvii.), but through an eicess of the fixed alkahes, it 
t is best in most eases to omit the remedy for a time, and return to il* 

^L^ use when the urine again becomes acid. 

^^^^ These remedies shuuld he Inkin when the stomach is empty, u 
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■uiiig the two or four hours subaeqaent eo a meal the urine is 
la add, and sometiiaes even alkaline. (See Section cxviii.) 



IV. Ubinaey Sediments, 

By the term sedimeata of the urine is understood tlie solid, 
luble matters, wltich at first are usually found in susi>ension 
tile urine, and which after a longer or shorter time sink 
id form a precipitate. The precipitate forms more rapidly and 
ipletely the larger and heavier the particles are which are 
ided in it ; and more slowly and imperfectly the fewer and 
iter they are. 

Small quantities of sedimentsj which are composed of very fine 
le«ules, do not readily suhside, and are easily dispersed by 
" ' ig, are comprised under the head of cloud'meM, turbidity, when 
presence can be recognised only by an obscurity and lessened 
;ucy of the urine. Sediments, which are seen bj the 
aded eye to consist of small sandy-like particles, are called 
" or gravel. 

Sediments often yield important information to the physician, 
'Owbliug him at once to recognise certain changes in the urine, 
.which otherwise would require tedious chemical investigation. No 
;d(Kibt chemical teats are sometimes required to demonstrate the 
'imtiire of urinary sediments; and a microseopical investigation even 
lU iDiorc iiequentJy. The microscope, indeed, is absolutely neces- 
r? in making an accurate diagnosis of urine -sediments. 
The semiotic indication of urine- sediments, like that of the 

:, has a double character : 
1. They indicate the existence of certain changes in the general 

(.jintrition of the body. They point out that an excessive amount of 
lyr*^'" substances are separated with the urine, and have therc- 
I lore been produced in the body : for example, uric acid, hippuric 
add, oxalic acid, &c. By tbeir aid, we are thus often able at a 
glance to obtain valuable information of a kind which serves 
Uie purposes of the physician, and which would otherwise 
leqoire tedious chemical processes for its demonstration; 
' E, Ther point out to us certain local diseases of the urinary 
I • y2 
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s}'slvni. Thus the presence of a porulent »ediiiient tniliciln tii|| 
pteseucc of pas-farmatiou at some part of the apparatm; and a 
in the urine -swli incut show a disensed L-oiidition of the partnclgi 
of the kidnevs. The chemical composition of gravel points mU th 
uatorc and eonstitutioi] of ve<dcal calculi, He, whoaf presence b 
been recognised by other symptoms. 

Some urine-sediments form after, and others before, the uiineb 
been passed. It is from the latter kind that urinary calcoli ■■ 1 
formed under favourable couditions. For this rca^ou it isofieilrf| 
impoMHiice to ascertain whether the sediment already existt in A 
uriue when it ia first passed, or whether it forms in it ufterwaidL 

From these general considerations on uriue-sediments, we d<il I 
now proceed to the consideration of the separate kinds of them. 



XCVIII. 

A. Cbystallimb Sedihknts, 
Sedihlnts of Ueic Acid and of Urates. 
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Sediments of this kind are very frequently met with in theariM^^ 
especially in comiexion with acute febrile diseases; they oecat 
more frequently than all the other kinds of sediments put together. 

For their tests, see Sections sxxvi, and xxxvii. 

The conditions, under which they are formed, are usually of ■ 
complex nature ; and it is often very difficult in any given case W 
determine the influence which different promoting causes have hii 
in tlieir production. 

Uric acid is one of the normal constituents of the urine, but it it 
soluble in it only in very small quantity. When, therefore, changa 
occur in the urine, which act so as to prevent the solution of thf 
whole of the uric acid contained in the uriue, that jiortion of the 
uric acid, which ia no longer soluble, ia separated as a sediment. 

The changes in the urine, which accompany the formation of niic 
acid sediments, may be divided into two groups, each of which 
has a dbtinct practical value : — 

1. In the one case, the quantity of uric acid which passea illlo 
the urine in a given time — say 1 to 24 hours — is greato thn 
normal; 
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ut if the urine secreted coutAins much less water thim normal, 
itiier words is verv scanty, uric ucid sediment may be formed, 
;h the separation of uric acid, from hour to hour, be not 
than normal. 

presence of uric acid sediment in the urine is, therefore, 
if that there is an absolute increase of tlie quantity of uric 
and secreted, as many physicians seem to think. We 
justified in coming to such a conclusion, unless we have 
by means of the process described in Section Lxviii., 
quantity of uric acid passed in a given time — a certain 
ibcr of hours — is greater than normal. 

usual causes which give rise to the formation of uric acid 
foLoniJig : — 

Uric acid salts arc much more soluble in hot than in cold 

Consequently, urine which is nenrly saturated with these 

the temperature of the human body, will throw down a se- 

eonsisting of urates as the urine cools. We frequently ob- 

tbat urine which is perfectly clear when passed, becomes 

through a separation of its urates, as it cools. 

It is evident that uric acid sediments cannot easily occur in tliis 

tj within the body during life, because the urine in the bladder 

undergo the necessary degree of cooling, except in the 

' rarest cases. Urine, however, saturated with urates may, by 

action of cndosmosis, undergo further concentration within the 

T, and a portion of its salts be thus rendered insoluble, and 

sediment in the bladder; but such a case must be very uu- 



2. The neutral salts of uric acid are more soluble than the acid 
Its, Biid the acid salts than free uric acid. Consequently, a sedi- 
Bnt is formed whenever the neutral salts in urine, which contains 
tu^ quantity of them, are from any cause converted into ucid 
Hm, or into free uric acid. 

We ace this change occur out of the body, when the urine an- 
leigDea add fermentntioD, see Section i. It may also take place 
ritltin the body, when the acid fermentation of the urine occurs iu 
bladder, which, indeed, rarely Imppcns; or, and aa it would 
1, more frequrntlv, when very acid unne is secreted and mixed 
rtthio tlie bladder with urine, that is only slightly acid, or alkaline : 
nich case the acid urine abstracts the base, wholly or in part, 
^ni the neutral umtcs. 
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It is probnblc that the fermentation of the oriue may also ot* 1 
sion deposits of antes in other wajs ihxn lir the fonnattondml 
acid. The urine-pigments, indeed, appear lo aid matemlij inAll 
milution of uric acid in the uriue. Consequeutlj, if the nii^l 
piginejit be partiallv atter«l and decomposeil \>j the fermenlatiia, at 
portion of the urates will be precipitated. 1 

80 much for the theory of the formation of these se^irali. ' 
Let U3 now torn to their practical indications. 

Uric acid sedimenta most frequently occur in the course of wilt 
febrile diseasies, or during the febrile exacerbations of chronic J» 
eases. In such cases several of the above-mentioned prolispoiiag 
causes are generally in action at the same time r namely, dimiar 
tion of the watery part of the urine, and therefore of the quanti^ o( 
nrine, absolute increase of the uric acid, strongly acid urine, and 1 
large amount of pigmentary matter in it. The Eediment, in sock 
cases, generally appears some little time after the evacuation of lb 
urine ; it is occasioned, in part, by the cooling of the uriup, and in 
part by its commenciug fermentation, and the decompositiaD if 
the pigment matters', in which nrine of this kind is osnaily wij 
rich. 

The appearance of such sediments varies much ; sometime? tb«i 
are of a brick-red colonr, sometimes of a rose, a dimamon, or seiL' 
ing-wax colour. Under the microscope they usually present a fiw 
granular form. They generally consist of neutral or add nrela, 
usually combined with soda, and sometimes, though rarely, "ili 
ammonia, or lime. 

Their simplest diagnostic mark is that the turbid urine which wra- \ 
tains them becomes clear when heated, and again turbid on 
cooling. 

They indicate certain alterationa of nutrition, which occur danof 
most febrile states of the body — increased formation of uric uai \ 
and of urine-pigment, together with diminished secretion of wittr ' 
through the urine. They are often considered as critical. isA ' 
there is some reason in this view, in so far as that the separation <rfs 
superfluous amount of uric acid from the blood may be considered » 
a favourable sign, and its retention in the blood capable of producing 
evil effects. They have, however, very often decidedly no criticnl 
iignification in reference to the disease which lliey accouipani ; for 
we frequently observe that the chief symptoms of the disease con- 
tinues undiminished for a long time after their appearance. 
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^Occasionally, sediments of this kind occur in perfectly healthy 
, when the above-mentioned conditions are present; they 
Wt, for example, after violent bodily exercise, excessive eating, or 
it sweating, with consequent diminution of urine ; so also after a 
it's debaochery or a summer pedestrian excursion. 

1 Bediioents are almost invariably formed out of the body, 
i eonseqnently rarely occasion the formation of urinary con- 

practical good is derived from determining the nature of the 
ith which the uric acid is combined in such sediments, j. e. 
the sediment consists of urate of soda, urate of ammonia, 
of lime. 

acid is more rarely met with as sediment in urine. As 
it generally appears in the form of largish crystals or as 
ae masses oft«n visible to the naked eye, sometimes alone 
ibedded in a sediment of urates. Uric acid aedi- 
formed when the urine becomes acid through any of the 
■e-mentioncd causes ; and sediments of the urates may, indeed, 
artificially converted into a crystalline sediment of uric acid by 
the addition of an acid. 

It is of importance in this case to note, whether the sediment is 
fanned after the evacuation of the urine, or previously — i. e. within 
flu bladder, or the kidneys. If the latter is the case, there is 
Rfison to fear, by its long continuance, that uric acid calculi may 
form ^ther in the kidneys or in the bladder. 



SEOTIOS xcix. 



HippcHic Acid. 



W. DCCHEK. — The Presence of Hippuric Acid in Human Urine. 

Prager Fl^rtelJaineAr. 1854, vol. 3, p. 25. 
W. Halt.wacus. — On the Origin of Hippuric Acid in the Urine of 

Herbivorous Animals. Annal, d. Chemie et tharm. 1858, vol, 

106, p. 207. 
K, WiiGQBN. — Quantitative determination of the Hippuric Acid by 

mcans'of Voiumetrical Analysis. Jtmm. f. pract. Chemie. 181 

vol. 77, p. 446. 
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HIP?T-^;.: ACIl* IN THE URIXE- 

A- Lorxi-— . c :zxt ?r?i^r..!»r oc Hirciiric A^i in Hazcan Urine and 

W-: -. -i.:i: !:_i-rirj: j*::-! •i-i'^r lii^ .i-iai :: lie stdimeuts, became 
i: irzr.n^j iz iir-A."** la 1 rciizi-rc.: LL ticsse i-asc* wrioh interest the 
0Q'*v:la2.: i_i b»;i:-i^=e iz. :ii* :;rz. n* pr«r*rii«re is more leadiiT 
•ii'jTn cj iiti :c 'iji zucr:-***?: T«r, :'.fcr> cJi-rsiicallT bv evaporation of 
the unz^., k.. Srcri-iE. iix:. 

S»iti:xcna c: iiriipirl': itiid ar^ riKrij niei with- Under the 

r-ii'?rwcjpe thrj ^i^uju-j appear a^ rr:D2ib:o prx5zn5y and sometime 

a« n»;till«- Pi^ii^i L F*:. I. Titt mav be confoimded with 

rr7=*.il* oE -itj: i-iii or o£ \r '^osi >p'5.ogph:i:e of iiiAgnesia. Prom 

\ iK lacter, thcT elit be r-iiilv disciiizuisbcd h\ the circumstance, 

that tlxcT do not disippr;^ 03. the ad-li::o:i 01 hTdrochlijric acid; and 

fro 01 the former br the fact that thev do not produce the character- 

iatic morexiiie-reaction- Sozirriaaes the sediment is formed of a 

niixture o: hippuric and uric aod crystals I have^ occasionall}, 

seen nf=«<lle-iork.i:.I crrnals of hippuric acid dxeJ like :?peais 

on the larger crystals of uric a.. id. In cases of this kind it 

ii best to coIItKTt the sedinier.: on a niter, and boil it in alcohol, 

wheD;by the hippunc acid is dissolved, and the uric acid left 

ijidisjolved. Bv evapjratioa of the al.ohjlic solution the hippuric 

acid i- obtained as crvsials in an isolated state. Irs nature mav 

then Ijt; [iOaitivfly dt:tcrminr:il in the n:anner des^iribt-tl in Setti«.'!i \i\. 

According to the inveT^liirAtions of Hallwael.s and Wredeu, the 

qua II tit V of Id pp uric acid in human urine is much irreater than i> 

ircner;illv supposed. Its quantity accord in i: to AVn-deu vxcetas 

evMi that of the phosphoric acid. 

Wredeh's voluruetrical process is fouLUod upon the iact, that 
neutral per-cidoridc of iron forms with a neutral solution of liippurii 
acid a precipitate which is insoluble in water, iind invariable in it? 
composition. This method liowever does not apjn^ar to yield trusi- 
worlhv residts. 

Tlic causes which determine the separation of hippuric acid as a 
H<;(limeiit, are the same as those mentioned under the head of Irii' 

Acid. 

Indication. — Large deposits of hippuric acid occur ui the uriue 
of persons in perfect health who have indulged in large quantities 
of fruit, and particularly of the fruit of the prune (Duchek) ; anil 
of bilberries, Vaccinium Vitis Llauy and mulberries, HvLu^ Ckamn- 
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(Liicke) ; also after taking benzoic acid ami ciiinamic acid, 
arc in the body converted into hipputic acid, and as such 

from the uriue, 
Btntement of KtUine, that after the ingestion of succinic acid 
qnantity of liippuric acid appears iu the urine, has not been 
led by Hallwachs and Liicke. 
Wlien a large amount of hippuric acid ia found in the urine of 
nek, it is necessary, first of all, to inquire whether it depends 
ly such cause, as the eating of fruit or the taking of benzoic 
I. It is, however, certain, that hijipuric acid may uppcai in the 
in large quantities, as the consequence of morbid stales of the 
■autntive functions. Thus, hippuric acid has been found in large 
'^Kantities in the urine in fever, being the chief cause of its acid 
reaction (Lehmann) ; it has also been found in diabetic nriiiu, and 
JO cases of St. Vitus's Dance, &c. The obai-r vat ions, however, 
hitfaerto made concerning the presence of hippuric acid in the urine 
of the ack, are still very defective, and yield no information of 
''Wlne either in the dioguosis, prognosis, or treatment of disease. 

The opiniou, that a tendency to the excessive formation of uric 
add may be removed by the use ofbenzoic acid, in consequence of the 
nric acid in such ease being replaced by the hippuric acid (Ure, Keller) 
las been shown to be erroneous. Benzoic acid, moreover, as a 
remedy in uric acid ilinthesis, is of no prnclical value. 



EiUTuy Thosphates, — PnosPUATE op Lime and Aumonio- 
piiospitATE OP AIadnesu. 

Xarthy phosphates very frequently occur in urinaiy sediments, 
and chiefly in chronic diseases and in alkaline nrine, the reverse of 
what happens in the ease of uric anid sediments. They are always 
preseut when the nrine is alkaline, whether it has become so 
naturally, or has been made so artificiuOy by saturation of its free 
acid with an alkali, or an alkaline carbonate. 

The moilc of origin is thus explained: — when urine is rendered 
alkaline, through the formation of carbonate of ammom'a, re- 
aultiag from decomposition of urea {Section lxxxvii.), its phus- 
ubate of lime ia thronn down, being soluble only in acid 
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fluids; moreover^ a triple phosphate — am monio-phospliate of mag- 
nesia^ which is insoluble in alkaline fluids, is separated, throo^ the 
action of the ammonia on the phosphate of magnesia of the nnne. 
Urine, with very rare exceptions, contains both phosphate of lime 
and phosphate of magnesia ; consequently, the alkaline fennentatioii 
of the urine produces a sediment consisting of a mixture of both 
these phosphates. 

'rhis sediment, according to Neubauer's numerous investigatioin 
(Journal fn Pract. Chemie, vol. 57, p. 65) consists of 67 parts of 
phosphate of magnesia and 33 parts of phosphate of lime in 100 
parts. (See Section cxxiii.) 

An account of the microscopic and chemical characters of this 
sediment will be found in Section xxxix. The triple phosphate 
has always a distinctly crystalline form ; its crystal being usualhr 
well formed, somewhat of the shape of a coffin-lid. {Flak 
IL Figs. 3, 5, and 6.) When the urine is freshly passed, the crys- 
tals are less well formed, but they still present characteristic 
crystalline groups, closely resembling two fern leaves crossed at 
acute angles. 

Phosphate of lime, on the other hand, usually presents aa 
amorphous form under the microscope, consisting of ill-defined, 
highly translucent flakes, or of globular cells. The transparency of 
the phosphatic flakes is often so great, and their contour so little 
marked, tliat some little practice is required to recognise them 
under the microscope. This is the reason why such sediments so 
frequently seem to be formed solely of triple phosphates ; whilst in 
reality they consist of two-thirds of triple phosphates, and one- 
third of phosphate of lime. 

When the alkaline condition of the urine does not depend upon 
carbonate of ammonia, but upon carbonate of potash, soda, or some 
other fixed alkali, triple phosphates are not formed. In such 
case, the sediment appears to consist wholly of phosphate of lime. 

Sometimes, however, crystalline deposits of phosphate of lime 
without triple phosphate are formed even in acid urine. (Dr. 
Hassall, '^ On the frequent occurrence of phosphate of lime in the 
crj'stalline form in human urine, and on its pathological importance." 
—Proceedings of the Royal Society, X. 38, 1860, p. 281.) 

Indication. — The idea formerly held was, that sediments of the 
earthy phosphates were associated with an excess of the earths in 
the urine ; and their presence was considered as indicative of the 
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itic diaihesii>. This, however, is a complete error, for alkaline, 
especially ammotiiac.il urine, invariably throws down a sediment 
'^euihy phosphates. Conaequently, a sediment of this kind does 
)t prove definitively the existence of an abnormally large amount 
' earthy phosphates in the urine. An increase of the earthy phos- 
"|Aates can only be proved by a qnantitative analysis of the urine. 
Section Lxxi.) At most, we can do no more than give an 
iqiprDximative idea of the amount of phosphates from the quantity 
of the sediment, (see Section ltcxxiii.) ; the process, however, there 
nferred to, requires great practice, and is far from trustworthy. 

Independently of this approximative calculation of the amount 
of earthy phosphates, these sediments alford the following practical 
faints: — 

1. They are nsnally the first indications to the physician of the 
■Ikaline condition of the urine ; pointing out to him the necessity 
for a further investigation into the cause exciting this condition. 
(Section lxxxvii.) 

2. In cases in which sediments of earthy phosphates are passed 
with the nrine, it is evident that they must have been formed within 
the urinary passages : consequently, there is reason to fear the 
fonnation of phosphatic calculi, if this condition continue for any 
length of time. 



Oxalate op Lime. 

I P. W. Bbneke.— On the Physiology and Pathology of Phosphate 
Bod Oxalate of Lime. Odliinffen, 1S50. 

F. W. Benkkb— On the Origin of Oxaturia. GOUi^gen, 1862. 

Db. Jahes Behbik.— On Stomach and Nervous Disorders as con- 
nected with the Oxalic Diathesis. Edtn. MoiUk. Jl. Aug. 1849. 

Oh, Feicx, of Baltimore. — Remarks on the Oxalate of Lime Diathesis 
and its Treatment. Gazette lUtlUpilaux, Sep. 27th, 1849. 

Oaixois. — Essay on Oxalate of Lime in the sediment of Urine, in 
Gravel and in Calculi. Ga.-. Med de Paris. 1859, N. 36. 

Smolbk. — Slndies concerning Oxaluria. Prager Fierie0aArtcAri/i 

isei. 
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Oxalate of lime is of particular interest as a sediment^ being ii 
this form much more easily and readily recognised by the aid rftk 
microscope, than by chemical analysis. We shall therefore conada 
here the different phenomena which have been observed in connexioi 
with its api)carance in the urine. 

A microscope of high power is requisite for the demonstration of 
tlie presence of oxalate of lime in the urine. The sediment, whid 
it forms, is always crystalline, ])\it the crystals are very minute, 
generally much smaller than blood- or pus-corjiuscles. The fonn 
of the perfect crystal is always that of a rhombic-octohedron. 
{Plate I. Fig, 3.) The smallest, even under liigh powers, appear 
only as angular points. 

On account of this minute size of the crvstals, it is almost im- 
possible to recognise an oxalate of lime sediment with the naked 
eye. Hence, whenever we suspect the presence of this sediment in 
the urine, it is advisable to filter the urine, remove the precipitate 
carefully from the moist filter, and place a Uttle of it under the micro- 
scope. The practised eye will then at once recognise the oxalate 
of lime crystals, usually mingled with epithelium, mucus, and 
fragments of the fibres of the filter, and sometimes with other 
crystalline sediments, such as uric acid, &c. If the diagnosis is 
doubtful, we must resort to the other tests of the presence of oxalate 
of lime, described in Section xxxviii. 

We may in this wav discover the smallest traces of oxalate of 
lime ill tlic urine, which we cannot do, with certainty, by chemical 
tests. 

Causes and inilicaiion. — The causes of the presence of oxalate 
of lime in the urine are to be sought in the following facts : — 

1. Oxalic acid and oxalate of lime are constituents of several 
kinds of edible vegetables — rhubarb for example, common sorrel, 
the well-known fruit of Solanum lycoperslcum (love-apple), &'c. 
Oxalic acid and its salts are also sometimes used as therapeutical 
agents ; and they arc contained in the root of rhubarb, gentian, ami 
{^aponaria, &c. Oxalic acid in this way finds entrance into the 
body, from which it is again separated in the urine, either wholly 
or in part as oxalate of lime. 

2. Oxalic acid is also frequently formed by the decomposition 
of animal, vegetable, or mineral bodies. Thus, it is formed by the 
oxidation of uric acid, by the imperfect oxidation of sugar, starch, 
and salts of the vegetable acids : these salts through deficiency of 
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'WL'i'ii pnsiiing iDto tile form of oxalates instead of carbonates. It 

■ ii.ible, moreover, that oxalates ma; be formed from sails of 

irboiiales and bicarbonatea — the sails being deprived of a 

■n of ttidr oxygen, ajid thus reduced to the condition of 

' s. Ill this way we can explain, in some degree, why oxalic 

- -oiuetimes formed iu the human body under favourable cir- 

■i.iDces: thus, for instance, after the taking of carbonated 

drink.-., of champagne and seltzer-water; when the respiration is 

iuil'i'di-d ; or when an excessive quantity of sugar has been taken, 

fee. The special condilions, however, under which the formation 

Aakes place have not yet been discovered. 

I The qnestion has often been asked : How comes it, that oxalate 
■of Ume which is nearly insoluble in aqueous fluids, passes through 
TT'flie walla of the renal capillaries into the urine ? This tjuestion has 
■Ot yet been satisfactordy answered. We may suppose, if we 
jieaae, with C. Schmidt, that oxalate of linie forms a soluble com- 
pound with albumen, and passes in solution from the blood into 
tlte urine ; the compound being then decomposed in the urinary 
Ipasmgcs, and oxalateof limethusseparatedasasediment. Or.again, 
nay supjiose, that oxalic acid is hist formed in the urinary passages, 
id in the manner already described, by decomposition of other 
'■abstancE's ; and when thus formed, unites with the lime, which is 
always present in unnc. In this way, the oxalate of lime is formed 
within the urinary passages, or, under certain circumstances, even 
after the cvacuatioa of the urine. Kletzinsky* has pointed out a 
third poaaiblc mode of its formation. Oxalic acid and lime, when 
brought into contact in a very dilute solution, do not immediately 
torn an msoluble oxalate of lime ; a certain time is required for 
their combination. Kletzinsky made the following observations on 
the subject. lie added oxalate of ammonia to urine rendered 
BtTDDgly acid with acetic acid. The urine was then gradually passed 
through a four -fold filter, in fact, through four filters ; and he found 
I that a fine crystalline cloudiness of oxalate of Umc was always 
I formed after a short time in the clear filtrate, which had passed 
' through tlie last of the lilters. Moreover, he intro<luced the fluid 
I above-mentioned into an endosmometer closed with an ox-bladder, 
1 which waa then dipped in pure luke-warm water. In this case, he 
also found in the course of two hours crystals of oxalate of liine 
in the water outside the bladder. The salt of lime, together witJi 
I • Hellitr** ArohiT, 18B2, p. 207. 
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the oxalate of ammonia^ was here manifestly diffused through the 
auimal membrane^ the union of the oxalic add with the lime having 
taken place outside the bladder. 

It is probable that oxalate of lime is formed in each of the three 
ways here described. It would be taking a partial view of the 
matter to suppose that its formation took place in one uniform 
manner only. 

What indication^ as regards diagnosis, prognoitis, and treatmetU, 
does the presence of oxalate of b'me in the urine afford ? 

In answering this question we must consider the subject under 
two heads : — 

1. If the patient's urine invariably and for a long time — ^for 
weeks or months together — contains large quantities of oxalate <rf 
lime^ his is a case of oxaluria — of the oxalic acid diathesis. This 
condition is one which always demands our serious attention, and 
for two particular reasons : 

a. Because there are grounds for fearing the formation of oxalate 
of lime calculi — mulberry calculi — ^in the kidneys or the bladder; 

b. And on account of the injurious effects which the oxalic add 
has on the system generally. Oxahc acid, when taken internally in 
large quantities, acts like a poison, not only locally on the parts of 
the intestinal canal with which it comes in contact, but, generally, 
on the heart and nervous system. Hence we may conclude, 
theoretically, that a large formation of oxalic add in the body would 
be productive of serious consequences. Many physicians, particu- 
larly ill England and America (Prout, Begbie, Frick, and others), 
have observed and described such cases of oxaluria. 

As little attention has liitherto been paid to the subject of 
oxaluria in Germany, I think it desirable to give here an outline of 
the very lucid description of this disease, as described by Dr. 
Begbie. He says: 

There is a numerous class of patients, consisting of persons, for 
the most part, in the prime of life, and especially of the male sex ; 
generally speaking, they are of the sanguineous or melancholic tem- 
perament, not accustomed to vigorous exertion, belonging mostly 
to the upper classes of society, and addicted to indulgence in the 
luxuries of life and good living. They suffer from indigestion in its 
mildest and severest forms. Frequently, they do not suffer from any 
manifest disorder, but complain merely of some slight inconvenience, 
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Bultiug from imperfect digestion and defective assiinilalitiu — a 
ding of weight and pressure at the pit of the stomach, togelhex 
ith flatulence and palpitations a few Lours after eating. More 
lUB aymptoius, however, eomelimes appear ; these are not con- 
led sole]; to the digestive apporutus, but appear also as afitctions 
the nervous system, threatening even the mind. Patients, thus 
beted, are usually capricious, sensitive, and irritable, or dull, melan- 
olic and despairing. They are continually plagued with adreadofsome 
rioas disease impending over them, such as coDsumption or disease 
Hit! heart. In milder forms of the affection, the patient exhibils 
e anxiety and general appearance of disturbed health — a loaded 
agae, dry skin, and irritable pulse ; but in inveterate cases, a 
tigj countenance, general wasting, falling off of the hair, a tendency 
fnrunclef, carbuncles, psoriasis, and other skin diseases j dull 
Mp-8eat«d pains in the hack and loins; iulestinal and vesical 
Bffiorrhage ; incontinence of urine, and impotency. The affection 
aj be slow of progress, and vary much in its consequences. Under 
K influence of proper diet, appropriate treatment, and country air, 
m disorder may be arrested, and even entirely removed. If, how- 
ftt, it be neglected, or badly treated, the affection wdl expose its 
to the dangers and sufl'erings attendant upon calculus 
! the kidney or the bladder, or even to the still more serious 
inscquences, of malignant oi^anic disease. 

The cause of tliis affection is to be sought in the accumulation of 
lalic acid in the blood. The poison is separated from the blood 
J the kidneys; and its aeporntion in the form of oxalate of lime 
lables us to recognise the existeuce of the disease, and so by a 
■Dplc and efficacious treatment to bring about its cure. 
The following is the treatment laid down by Dr. Begbie for its 
fe : long persistence in a proper diet of flesh, milk, aud mealy vege- 
bles, — all saccharine matters being excluded ; warm clothing, and 
ike-wanu baths ; as medicine, nitrate of potash, hydrochloric acid 
doses of 20 drops 2 or 3 times a day, or in ihe following 
mnla: K. Acid muriat. dil., Acidi nitrici dil., Syrupi aurantii, 
B 3^1 Aqute 3'SS| of which one teaspoonful is to be taken in 
wincglassfiil of water before meals. 

Bencke describes the injurious influence of ibe oxalic acid on the 
jdjr even more forcibly. He believes, that the phosphate of lim 
thereby dissolved and removed from the body ; and that in con- 
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sequence of this deficiency of phosphate of lime the activity of tlie 
organic processes going on in the body, the cell-development^ is 
diminished. 

No distinct proof, however, has yet been f^ven, that the sym- 
ptoms, described above as belonging to the oxalic acid diathesis, do 
really depend upon the accumulation of oxalic acid in the blood ; 
hence many observers, and amongst them Lehmann,* consider that 
the idea of an oxalic acid diathesis is incorrect. If, however, we 
recollect that oxalic acid undoubtedly possesses a poisonous influence 
on the body when given in large doses, and that every physician 
who has had much practice, has met with cases of the kind 
described by Dr. Begbie (I have met with several such myself), 
we must admit, that cases in which large quantities of oxalate of 
lime arc passed for a length of time with the urine, should not be 
neglected by the physician. The causes of the discharge of oxatic 
acid should be carefully investigated — disturbances of the respiration 
with diminished absorption of oxygen, immoderate indulgence in 
sugar, disturbances of any of the secondary assimilative functions — 
and the treatment above-mentioned carried out. 

2. All the cases, however, in which oxalate of lime is observed 
in the urine, cannot be classed under the category just described. 
Where only mere traces of this salt are found in the urine, or when 
large quantities of it are present, but yet only temporarily, as often 
ha])pcns in the course of certain acute and chronic disorders, we 
need not anticipate the dangerous consequences above referred to. 
The business of the physician is, in such cases, to investigate the 
cause of its occurrence — whether it proceeds from food or medicine 
containing oxalic acid ; or whether its presence can be referred to 
any alterations of the nutritive functions of any part of the bodv. 
Prognosis in such cases is not very serious. But it is ad\isable, 
when we have discovered the cause of the abnormal condition, to 
encounter it at once by proper treatment. 



section cii. 
Cystine. 
A. Fabre. — On Oj/stiney &c., Paris, 1859. 

Cystine is very rarely met with in the urine, and its practical 
• Ix?hrbuch d. physiolog. Ghemie. 2 Ed. v 1. p. 51. 
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;iuGcation is (licrefore comparatively of little importance. AH we 
[oesent know on the subject is, that cystine is occosioDally the 
ise of the formation of urinary calculi ; in which case it 
fays appears in the form of nrinary sediment. Occasionally, 
wevex, cystine exists in solution in the urine. 
Whether or not the formation of this substance is in any way 
ions to the body through alterations prodnced by it in the 
mediate stages of nutrition is uncertain. We know, however, 
cystine may be constantly present in the urine for years 
lOut disturbing the health, although no cystine-cal cuius is 



Tar the means of recognising the presence of this substance 
ihe nrine by chemical and microscopic agencies, see Sect, xi.. 
We know nothing whatever of the causes which occasion its 
rmation in the body. The large amount of sulphur which it 
BfaUM — more than 26 per cent. — indicates its relation to taurine; 
^We may surmise, that the liver plays a part in its formation. 
iaa, in fact, found cystine in the liver, a proof that this 
>, just like urea, uric acid, &c., is not formed in the kidneys, 
dsewherc in the hotly, being taken up uito the blood, and 
led from it by the kidneys. Future investigations, we must 
will explain to us the significance to be attached to the 
of cystine in the urine, and the more intimate conditions of 
fortnAlion. 
r It is im interesting circumstance, that in the few cases in which 
■* te has been found in urinary calculi or sediments, it has been 
Mwent in a large proportion of the cases in several members of the 
familr. 
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UTTHIKS — HyPOXSNTHINE — GUANINE — GrANOXANTHlSB — 

TvKOSlSB. 

IruCKKO, Aiiual. d. Cheat. i. Thar., vol, cii. p. 108. 

iDBLEB, A*nal. d. Chem. u. P/inrm., vol, csi. p. 28. 

»ESBK, dnnal. d. CAem. u. Pharm,, vol. cxti. p. 257. 

Xnntliiue has hitherto leen very rarely found in human calculi ; 

it it is occasionally met with as an urinary sediment. For its pro- 
jlrties and ti-sts, see Section v. 
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ised with the microscope; the epithelial cells, however, which 
fband mingled with it are readily known by their charncteristic 
incp-s. The mucus, when precipitated with nicohol or acids, is 
[j recognised as an indistinctly fibrillated mas». It is ren- 
more distinct by the addition of dilute tincture of iodine, 
both precipitates and colours it. 

filtcnng the urine we obtain the mucus in the form of a tena- 
1, which has, when dried, a shining vamish-like appearance. 
microscope shows us that this mucous sediment of the urine 
itly contains, in addition to the epithelium, several other 
iga matters — spermatozoa, crystals of oxalate of liaie, urates, and 
itnonio-phosphate of magnesia. Consequently, in aU cnses in 
ich an accurate diagnosis is required, the mucus must be care- 
\j examined with the microscope. The term mucus, chemically 
iORsidered, is somewhat indefinite, as under this head are probably 
several modifications of proteine-matters, of fibrine, albumen, 
id oasnine, &c, — which have not yet been carefully examined. 
An increased amount of mucus in the urine has a double signifi- 
tion : 

1. It points out, in the first place, the fact of an increase of the 
Eretion of mucus from the urinary passages, a blennorrhoea of the 
Mder or the meters. In women, as already indicated, we must 
tisfy ourselves that the mucus does not proceed from the vagina; 
S. An increase of mucus in the urine encourages the acid and the 
botiDe fermentations of the urine so often spoken of. The nlkahne 
conversion of the urea into carbonate of ammonia^ — ^is espe- 
lU; promoted by the presence of a large amount of mucus in the 

Further, we may observe, that pus-corpuscles in ammoniacal urine 
»y be' converted into a kind of jelly, which very closely resembles 
The physician frequently mistakes the slimy gelatinous 
thus formed for a mucous sediment. (See Section cv.). 
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Te»t. — ^Tbe microscope is always required for the diagnosis of pua 

the urine. The pus-globules are known by their form and size, 

Mb welt as by the characteristic nuclei which they present when treated 
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If as from the parenchyma of the kidiiev is sometimes accomjiHiued 
Ka scurcely aii^ local symptoms, and consequently may be only 
BCoreied accidentally by the long-contiDiied presence of pus in the 

BBrirfrrrV — A man, 36 years of age, was admitti^d into the 
Htfqse at Giessen on accoimt of u rheumatic-gastric fever. He 
Htnrai rapidly, and was on the poiot of leaving the hospital, when 
Mn saddenly appeared in his urine a. tolerably abundant sediment, 
HjBSting of pus- corpuscles. The sediment remained for some 
Bsjifca, the patient not eiiperieueing the smallest difficulty in passing 
lb water, nor in fact any symptom indicative of disease of the urinary 
Hans. Subsequently pain was felt in the neighbourhood of the 
Kbugra, accompanied with frequent shiverings. Typhus fever was 
Bdenuc at the time, and unexpectedly carried off the patient. On 
■BUBation of the body, one of the kidneys was found almost in a 
■iq)t«t« state of suppuration. There was no other disease of the 
Binary organs. 

I la cases of this kind it is of importance that we should be able to 
■Bade whether the pus is the product simply of suppuration of the 
■fBtoua membrane, ciitarrhal inflammation, or whether it is the result 
■ more profound and extensive alterations of parts. The following 
lieta will assist in deciding these points : — 

f The durat.'wn of the suppuration. The temporary presence of 
BOB in the uiiue. for a few days only, always indicates that the sup- 
■^OQ ia of a sui>erlictal kind. 

^^hbwWifton of the pus, as observed by the microscope. Per- 
^^^normal corpuscles ; round corpuscles, presenting their charac- 
^^Bb doable and triple nuclei wheu treated with acetic acid, 
ndKate laudable pua, and its origin from a simple catarrh of the 
macoos membrane. On the other hand, abnormal pus-corpuscles, 
of irregular forms and coutonrs, producing irregular nucleated forms 
vlien treated with acetic acid ; or an ill-defined granular mass, con- 
nating of irregularly-shaped pus -corpuscles, and partially destroyed 
edlfl, indicate the probable existence of deep-seated suppuration, 
lllceratioo, or tubercular disease. 

Taiioos matters were formerly included under the head of pus; 
tkey were confounded with the pus, because without the aid of the 
nucrotcopc the eye could not with CLTtainty distinguish them from pus. 
OflJus cjaaswerecuneerous and tubercalar matter, and urinary casta. 
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}H TUBERCULAB. MATTER IN THE URINE. 

houn, under the influence of air and light, of a dark brown fOtia- 
colour. On the addition of concentrated nitric acid, cfaronuc icid and 
other oxidising substances it immediately a»>omed the dark caloor. 
Thia condition of the urine was not observed in patieut^ suSeiiq 
from melanoE-iuia alone, in the absence of melanotic cancer. Eisdt 
and Boise consider that thia peculiar condition of the urine -wSi 
serve for the diagnosis of pigmentary cancer concealed vithin tbt 
body. 

Tubercle in Uie urine, to the unaided eye, resembles pus ; but 
may be distinguished from it by the microscope. It conidsU of 
irr^ular pus-corpuscles mixed with an iH-defiued detritus, fragmsiti 
of ceUs, imperfect nuclei, an indistinct and finely-granulat mm 
with which crystals of choiesterine are sometimes mingled. Ht 
mucous membrane, or sub-mucouf tissue, is the seat of the lubercalff 
deposit, wheoce the urinary sediment of sof^ued tubercle pro- 
ceeds. The deposit may take place in the bladder, the tiretei*, or 
the pelves of the kidneys. In affections of this kind, which ban 
lasted for a long time, the tubercular deposit generallj spreads onr 
the greater part of the mucous membrane of the urinary system, 
from the kidneys even into the bladder. 

The following cases may serve to assist the observer in the 
diagnosis of tubercular deposit in the urinary oi^ns. 

I. A young man, 25 years old, came into my clinique for u 
afleclion of the bladder, which bad troubled him for a year. The 
evacuation of the bladder was difficult and painful ; the urine nt 
sometimes bloody, and after standing, deposited a sediment, vhid 
contained blood-corpusclea, and pus-corpuscles partly normal and 
partly abnormal. (The pus- corpuscles were not round, but iiregu- 
lar; when treated with acetic acid, they either did not show tireir 
normal nuclei, or only showed small irregular nucleoli.) Besidei 
this, the sediment contained an irregular aiaorjiliona granular matter, 
in part finely divided, nnd in part combined into larger masses, someof 
them as big as a pin's-head. Further investigation showed that iht 
prostate was enlarged and very sensitive, and that the lungs wen 
in an advanced stage of tubercular disease. The patient had nem 
suffered from chancre or gonorrhces. The diagnosis formed WM 
tuberculosis of the bladder aud prostate. The patient died froa 
disease of the lungs, and the diagnosis was then confirmed hy the 
autopsy. 

msHj 30 years old, who had always been healthy, wv 
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withalUcks of pain, which passed from the region of the 
Iddtiey donii to the bladder, and terminated with very urgent and 
[Ueut cnlls (o micturition. These paroxysms lasted for several hours, 
I were followed by intervals of complete remission, lasting some- 
B8 for days and sometimea for weeks. Ilalf-a-year lat£r a 
r<dliag formed in the left side of the scrotum ; this broke and 
led a fistula, which resisted all efforts to heal it. The orine 
ajned neither gravel nor concretious, such as would lead to the 
lician of calculus of the kidney ; after each attack, however, 
was a slight sediment deposited, consisting of pus- corpuscles, 
in the former cases, were of very irregular form, and when 
Mated with acetic acid, presented no normal nuclei. Here, also, 
was found, together with these corpuscles, an indistinct, 
inorphoas, granular mass, of a kind such as is presented by 
rcle-detritus under the microscope, This appearance, together 
the affection of the testicle, indicated a deposit of tubercle in 
he [«ft ureter. 



UttlNARY Cy 



AND Tubular Casts. 



mt consisting of urinary tubular casts and cylinders is of 
great practical importance in assisting us in the diagnosis of certain 
diseases of the kidneys. This sediment requires the microscope for 
Hm investigation. Its different forms and characters have been 
already described in Section xiv. We must, however, return 
to this subject, in order to ex[>laiu the indications presented by the 
sediment under certain circumstances. 

The sediment consists of long tubular or cylindrical bodies, which 
■re fonned in the tubuli uriniferi of the kidney, and chiefly in its 
medullary portion ; these bodies take the form, more or less, of these 
caiuls, null to a certain extent form casts of them. The fallowing 
•re the chief forms under which the constituents of the sediment 
preeeut themselves to us. 

1. Epitiel'uil *ylindrical cattt. — These consist of e. mass of epithe- 
lial cells, exactly resembling those which are obtained from the 
section of the medullary portion of a fresh kidney, as observed under 
the microscope. (See Flaie I. Fig. 1). The epithelium of the 
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tubules of Bellini is separated in adherent masses, during certain 
pathologioal processes, and evacuated with the urine. Single 
epithelial cylinders (caudate cells) are often also found in the 
sediment with these epithelial casts ; thev are derived from the 
calicos or pelves of the kidneys {Plate L Fig. 4) . Sometimes also 
pus-corpuscles are present. 

2. Gninu/ar urinurjf casts {Plate I. F\g, 6). — ^These are solid 
cvlinders, resembling the last in form and size: thev have, however, a 
fine granular appearance. Sometimes thej enclose single epithelial 
cells, but more frequently blood-corpuscles, pus-corpuscles, as well as 
the different kinds of crystals met with in urine sediments, and esi»- 
cially oxalate of lime. Blood-corpuscles, pus-corpuscles, or gFEiniilar 
cells are often found minsrled with these casts in the sediment. 

8. Hyaline urinary casts {Plate L Fig, 5). — ^These, like the 
last, are solid cylinders, but so pale and translucent that it is often 
very difficult to distinguish them under the microscope, from the 
fluid which surrounds them. They are rendered more distinct by 
the addition to the urine of a small quantity of a solution of iodine 
in iodide of potassium, which imparts to them a brownish 
colour. 

Between tbi casts described (2 and 3) there are several intermediate 
transition forms. The hyaline cylinders, for example, sometimes con- 
tain pus-corpuscles or granular molecules, or fatty and oily granules, 
and in such case they somewhat resemble the granular urinary casts. 

Attention should also be paid to the diameter of these casts. 
Sometimes the diameter is small, m of a line ; sometimes it is equal 
to the A of a line, or even more. Sometimes again, the casts are of 
unequal diameter, being small at one part, and at other parts broad, 
and varicose. 

The casts and cylinders are sometimes present in the urine onlv in 
very small quantities. In such case, we must allow the urine to 
stand for some time before we examine the precipitate, or, what is 
better, filter the urine, and examine with the microscope the magma 
left on the filter. AVe cannot be sure that the urine does not 
contain casts, unless we do this. It is advisable, also, to colour the 
urine with a solution of iodine in iodide of potassium, in order not 
to overlook any of the transparent hyaline cylinders mentioned 
above. Sometimes forms are met with in the sediment, iihich have 
some kind of resemblance to, and may be mistaken for, granular 
cylinders, but yet are not granular cylinders. These forms aif 
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'lindrical and sausage-shaped, and consist of masses of fine mole- 
iles {Plate 11. Fig. 2). They are most freqaently met with in 
Ibaminous urine, or in urine which has stood for some time, and 
4 undergone partial decomposition. They result from the precipi- 
tiCHi in a line granular form of albumen, mucus, &c. A practised 
e will readily distanguiah them from the true granuJar cylinder by 
sir less regular shape. 

Indication. — Urinary cylinders and tubes are always formed in the 
ibulea of the kidneys, and most especially in the tubules of Bellini 
the medullary portion of the kidneys. They indicate disease of 
e kidneys. Thpy are usually regarded as a certain sign of the 
-called Brigbt's disease of the kidneys, and in most cases really are 
u The name, however, of morbus Brightii is somewhat indefinite, 
ivcial difierent kinds of diseases of the parenchyma of the kidneys 
' ig usually included under the term. Sometlnng more definite is 
lerefbre required in considering these morbid products as indica- 
ms in the diagnosis, prognosis, and treatment of kidney diseases. 
Fe will therefore endeavour to point out somewhat more distinctly 
indications to be derived &om the different forma of these 
roducta. 

Urinary casts in the urine indicate that a separation of the 
ntlielinm of the tubules of Bellini is going on, desquamative 
ephritts. This process may be of a purely temporary character : 
Muequently, urinary sediment which consists of epithelial cyUnders, 
id disappears in the course of a few days, justifies a favourable 
rognosis. If pus-corpuscles are found mingled with the casts, the 
[istence of acute inflammation (pyorrhoea) either of the kidneys, or 
their cnlices, or pelves, is indicated. 

On the other hand, granular and hyaline urinary cylinders always 

tdicate a serious affection of the kidneys, genemlly of a chronic 

id. The hyaline cylinders are probably formed by the coagula- 

in of the fibrin of fibrinous exudation which has been thrown out 

tbe urinary canals of the kidney {croupose inflammation). The 

uiuhiF cylinders are formed either throngli a further metamor- 

bosis of the exudation in the urinary canals, or through the 

egeneration of the epithelial glandular cells lining the canals. 

The latter the quantity of cylinders in the urine and the longer 

ne ihey are present in the urine, the more extensive as a rule 

tbe degeneration of the kidneys, and the more unfavoureble, 

most be the prognosis. 
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If a large quantity of fatty partides be found embedded for a 
length of time in the cylinders, we may conclude, that the 
degeneration of the kidneys has taken the form of fatty metamor- 
phosis. 

The continual presence of blood with the cylinders, or of blood 
in the urine together with cylinders, indicates more especially 
disease of the vessels of the kidney — atheroma, fiatty, or lardaceoos 
degeneration of the renal arteries, particularly of the yascolar 
loops in the Malpighian bodies. 

Cylinders of very small diameter indicate a shrivelling and 
narrowing of the urinary canals of the kidney, and inordinately large 
cylinders, a widening of the canals. Cylinders of various diameters, 
with bulgings and contractions, indicate a varicose or distended 
condition of the canals. 

When, as often happens, several of the modifications of the form 
of cylinders exist together, we may conclude that the pathological 
changes going on in the kidney are of a very complicated kind. 



section cviii. 

Fungi. — Infusoria. — Kiestejn. 

Dr. H. Hajssall. — On the development and signification of Vibrio 
lineala, Bodo urinarius, and on other fungoid products, &c., in 
urine. — Lancet, Nov. 1859, ii. 21. 

Fufi^i and Infusoria never exist in fresh urine; their presence is 
accidental. They are, however, frequently found in urine which 
has been kept for some time, and are almost invariably present in 
urine which has undergone decomposition. 

The infusoria are always very small ; and with a sufficiently high 
power may be recognised by their motion. They consist either of 
point-like monads, or of long linear vibrios. More rarely, they 
are larger, roundish, and resemble mucus-cells. They are 
found chietly in putrid urine, which contains albumen, mucus, 
blood or pus ; and in some cases are so rapidly formed, as to lead 
to the idea that they were formed within the bladder. This fact is 
indicative of an inclination to the ready dissolution of the juices of 
the body, and may in some diseases of a septic nature be of service, 



IN THE URINE. 



I corroborative of an iinfavonrable prognosis. In all such cases, 
nrever, the observer must autisfj himself, that the vibrios have 
A been amdentallj mixed with the urine. 

Fungi appear in the urine ia the form of roundish or oval cells 
pores and sporules), or of simple, or componnd, or branched threads 
hidliis, mvceliuin). As a rule, they do not appear in the urine 
jH) it has been kept for some length of time. The yeast-fungi 
imnd ID diabetiu urine are an exception; they appear in the form 
f oval cells, partly single, and partly joined togetber in peurl-likc 
»WB (Plaice 11. Fiff, 2). They are spontaneously developed in dia- 
etic urine, especially during warm weather, often appearing soon 
Ber the urine has been passed, and are thus of service in the diagnosis 
if glycoanria. Tliey are not, however, of themselves, a sure sign of 
M presence of sugar in the urine. 

j, Ji. Pusteor (Comptea RendM, 1860, I. p. 841) rightly points out : 
ut the ova of these fungi and infusoria always pass into the urine 
pom without, and are never spontaneously developed in it {generat-io 
'^ivoca) ; that in most cases they appear after the urine has been 
iracnatfd ; and that they are the special cause of the acid and alka- 
be fcnnentalions of the urine, as well as of its putrefaction. Urine 
ram which these ova are carefully excluded may be preserved with- 
bi undergoing putrefaction. 

,l Sarcinie have also been sometimes found in the ndne hy some 
tn^h physicians, as well as by Heller, Welckcr, and Ph. Munk, 
I Germany (Section xlvii.). The sarcinre in the urine aiTord no 
pecial indication, any more than they do when found in the other 
kvities of the body, in the stomach, in the intestines, and the lungs, 
■ which organs they are more frequently observed. They must be 
pgarded as accidental parasites. Their presence in the bladder 
Robably promotes the decomposition of the urine, rendering it aJka- 
■e, and causing a deposit of earthy phosphates, &e. ; it is there- 
ue of practical interest. 

Under this head may also be mentioned tlie so-called kiestein, 
niich was thought to be present in the urine of women only during 
Icgnancy, and therefore regarded as a sign of pregnancy. This 

Ene was applied to a pellicle, which appeared on the surface of 
M), that bad stood for several days. The microscope shows us 
t the pellicle in fact consists of very different elements, and for 
^ most part of a large mass of vibrios with (iingi, of crystals of 
immniiin phn-jhritr of magnesia, of fatty particlea, &c. This pel- 
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licle^ however^ is not found exclusively in the urine of pr^nant 
women ; it is met with in women not pregnant^ and also in men, 
and is therefore of no diagnostic value. 



SECTION cix. 

Spermatozoa. 

The presence of spermatozoa in the urine can only be shown with 
the microscope^ and under a high power. They are readily recog- 
nised by their peculiar tadpole-like form. They are seldom present 
in large quantities in the urine ; often^ indeed, only a single one is 
found. It is necessary, therefore, to allow the urine to stand for 
some time in a champagne glass, then to pour off carefully the upper 
portion, and examine microscopically the lower portion, which will 
contain the spermatozoa, should any be present in the urine. 

Their indication is evident enough. Their presence in the urine 
of man indicates that an emission of semen has taken place. Some- 
times they lead to the discovery of onanism. In the urine of woman 
they prove that coitus has taken place, provided, of course, that 
there has been no accidental admixture of semen with the urine. 

The imperfect spermatozoa (Section xlvi.) occasionally observed in 
the urine by Clemens (Henle and Pfeufer, ZeiUchrift^ 1846, vol. v. 
p. ltJ3; and BeuUche KUnik, 1860, p. 30) indicate inordinate or 
long- continued irritation of the genital organs, whereby imperfectly 
as well as perfectly formed spermatozoa have been ejected. (Onanism, 
&c.) 



SECOND PART. 



QUANTITATIVE CHANGES IN THE URINE. 
SECTION 'ex. 

Much lesa attention has, up to a recent period, been paid to the 
intitative alterations of the urine, that Is to sa;, to the increase or 

minution of its normal constituents, than to its qualitative aller- 

ioDS. The chemical character of diseases, and the changes of nutri- 
attending tliem were considered of little value in diagnosis. 
besides this, the methods of analysis hitherto employed in such 
reatigations were very difficult of application, tedious, and lengthy, 

i]iuring a complicated apparatus, and even, in some cases, a complete 

boiatory for their performance ; ao that they were available only 
the hands of chemists. 

By the recent introduction, however, of newer methods of investi- 
1, and particularly of the method of volumetrical analysis, many 
the processes have been much simplified, and may now in fact be 
sdily performed by the physician- The necessity of a quantitative 

laijm of the products of the different metamorphic processes in 
e sick has become evident on account of its importance in the 

iaguosis, prognosis, and Ixeatment of diseases. I trust, therefore, 
it the following attempt to bring the importance of these investi- 
lions under the notice of the physician, as far as it is possible to 
ao at the present time, may assist in bringing them into more 

meral notice. 

The quantitative allerations of the urine may be divided info two 
oups according as they are more or less readdy investigated : 
1. Into those which may be discovered without any minute che- 

ocal analysis, and which ore of especiul value to the pbysici^ on 
wunt of their being readdy demonstrated ; 
Q, Aad into those which require a quantitative chemical analysis, 
d are thereJore more difficult of demonstration. 
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The Quantitative Alterations of the Urine which are 

Easily Demonstrated. j 

Under this head belong: the quantity of the mine; its solid 
residue and specific gravity; and its colour. These facts are so 
readily ascertained^ require such simple apparatus, and so little time, 
that there is no excuse for omitting to obtain them in cases in which | 
they may give an insight into diseased processes. < 



section cxi. 
The Quantity of the Urine. 

/. Fogel im ArchivfUr gemeiyi^chaftliche Arbeiten, vol. i., p. 104. 

The process required for determining the quantity of urine has 
already been described in Section l. The quantity is ascertained 
much more readily by measurement than by weight. 

The estimation of the quantity of urine is of no use unless we also 
note the length of time during which it was passed. It is best to 
collect the urine which has been passed during the twenty-four 
hours, or during every hour, or at least to reckon the quantitj 
passed during these periods. In accurately made investigations the 
physician must always take care that the whole of the urine is col- 
lected, and none of it lost during defecation or otherwise, and that 
no water has been accidentally poured into the urinal. 

A simple estimate of the quantity of urine passed, without either 
weighing or measuring, sometimes gives important indications, but 
does not serve for accurate investigations. Graduated urine-glasses 
are readily obtained, and should always be employed ; thev enable 
the observTF to ascertain the colour, the degree of transparency, the 
sediment, and other qualities of the urine much better than he could 
do if the urine were contained in a porcelain or earthenware vessel. 

In order to ascertain the mean quantity of urine passed in the 
course of chronic diseases, we must not be satisfied with measuring 
the urine for a single day ; for during that short period accident^ 
circumstances may readily increase or diminish the quantity. The 
urine must be measured for several days consecutively, and the mean 
quantity then reckoned for twenty-four hours. 
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To ascectuin the effect of any temporary iniJueiice over the secre- 
tion, it is best to calculate the quuutity of uriue passed per hour. 

The estimation of the quantily of urine forms the basia for the 
quantitative iJelermiuatioa of all the other conslitueiits of the urine. 
U is also, in itself, often an important indication, showing the activity 
the kidneys, and their power of separating water from the 

It ia often of importance to determine the relation of the quantity 

urine to the amount of the pulmonary exhalation, the perspiration, 

<1 the ferccs. Many hint» for judging of diseased conditions of the 

ody, as woU us of their prognosis and treatment, may be thereby ob- 

lined. Thus, in most chest diseases, and heart and skin diseases, a 

inution of the urinary secretion, associated with an increase of the 

olmonary uiJialatiou, is an unfavourable sign. The duty of the 

bysicinn is, in such cases, to increase the urinary secretion in order 

relieve the affected organs. On the other hand, in most diseases 

the kidneys, the object is to diminish the action of the kidneys, 

ftd lewen the quantity of urine, by stimulating the other secre- 

ms. 

In cases of permanent increase of the urine — polyuria, diabetes, — 

e detrrmiiiation of the quantity of urine is the first and most 

kpOTtant means of ascertaining the nature of the disease. 

Tg determine in any case whether the quantity of urine is increased 

par dtminished, it is not enough to measure the urine ; we mubt also 

^— — tain to what amount the urine, thus measured, exceeds, 

less tlinn the norma! quantity. For this purpose, we must 

the normal quantity of urme passed by an individual, If verj- 

Dcunte results are required, as in physiological experiments con- 

BRUDg the influence of various agents on the urinary secretion, the 

BOnnal quantity of the uriue passed by the iudividual must always 

ascertained at the tiuie of each experiment. In the case of the 

ttk, we must, as a rule, be satisfied with an approximative cstima- 

1, and snbstitute for the amount of urine of the individual, the 

iQ general amount, which has been obtained by numerous experi- 

leuts on different individuals. 

In practice, however, little attention is paid to this principle. On 
e one hand, physicians are apt to trouble themselves too little with 
eb investigations, and hence deduce from observations, correct 
imgh in lliemselves, false conclusions, in consequence of judging 
by an incorrect standard. Then, again, over-exact pliysiolo- 
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gists object to investigatioDS of an approximative kind made on 
patients^ because these investigations do not appear to tbem 
sufficiently accurate. It therefore seems desirable, that I should 
illustrate this subject by a few examples. 

The mean quantity of urine passed in an hour by a healthy adult 
reaches, as we know, to from 60 to 70 C. C. ; and may vary betweoi 
30 and 100 C.C. K then, we find, that in an individual, the 
normal amount of whose urine we are not acquainted with, a mean 
quantify of 80 C. C. are passed hourly under the influence of some i 
medicinal agent, we may fairly conclude, that the medicine employed j 
has a diuretic effect. The conclusion, however, is not certam, b^ 
cause, as we have seen, 80 C. C. are within the limits of the normil 
variation of the quantity of urine. Still less are we able, from this 
experiment, to decide to what amount the urine has been increased 
by the agent employed ; because the normal amount of urine passed 
by the individual may be either somewhat above or below the 
mean quantity. To arrive, in such a case, at a trustworthy result, 
we must endeavour to obtain, by numerous observations, the mean 
quantity of urine passed by the individual at the time of the exp^ 
ment, and then compare the quantity thus obtained with the quandlT 
passed under the influence of the medicine. 

If, again, we find, after numerous trials, that a person who has par- 
taken largely of fluids, water, tea, &c., constantly passes an average 
quantity of 400 C. C. of urine per hour, we may be certain, without 
knowing the normal quantity of urine passed by the individual, that 
the drink taken has produced a diuretic effect. The 400 C.C. 
passed per hour exceed so much the general average quantity, that 
it becomes a matter of no importance whether the normal quantity 
passed by the individual is 40, 60, or 80 C. C. per hour. 

The same thing often occurs in the case of the sick. The mean 
quantity of urine passed in 24 hours, by well-nourished healthy 
adults, varies between 1400 and 1600 C.C, and by others, who 
take less fluids, between 1200 and 1400 C.C. If* then we find 
that a sick person passes only 400 C. C. in 24 hours, we may be 
sure that the normal quantity of his urine is materially diminished; 
the diminution is, inded, so considerable, that we gain nothing by 
ascertaining whether the individual normally passes 1200 or 
1400 C.C. of urine. We may be equally certain that the 
urinary secretion is abnormally increased in a sick person, who 
passes 2500 or 8000 C. C. of urine in the 24 hours, although ve 
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I hare not accurately measured the normal qiinntity of ur 
the individual. 

Numerous observations show that, iu healthy adults^ the mean 
quantity of urine passed, 

a. in S4 houri>. 
By weJI-nourished peraons who drink freely, equals liOO to 1600 C.C. 

' By those \¥ho drink less 1200 to 1400 C.C. 

6. in one liour. 

By free drinkers 50 to 70 C C. 

By less free drinkers 40 fo 60 C. C. 

If we calculate the mean quanlity of urine hy the weight of the 
body, we find that in an adult an average of 1 C. C. per hour is 
{MUsed for everj' kilogramme (2 pounds) of the weight of his 
body. 

Calculating according to the height of the body, we find, that 
an adult passes hourly an average of 40 C. C. of urine for each lOfl 
centimetre? ot height. 

TTie daily quantity varies between 1000 to 3000, and the hourly 
qimnti^ between 20 and 200 C. C. 

These variations depend in great part on different external in- 
DoeDces, on eating, and especially on drinking, and on on increase or 
diminution of the perspiration, &c. In persons who live n^ularly, 
Ihe variations are confined within much narrower limits than in 
tboee who live irregnlarly. 

Moreover, we observe pretty regular variations in the quantity of 
I urine passed at different times of the day. In Germany, the 
I greatest average hourly quantity of urine is passed in the afternoon 
I »ft«r dinner, viz., 77 C.C. in an hour; and the smallest quantity 
I during the night, viz., 5S C. C. in the hour : a medium quantity is 
I passed in the morning, viz., 69 C, C. We must, therefore, in all 
«s in which we wish to determine accurately the influence of any 
agent over the secretion of urine, take into consideration the period 
of the day when the experiment is perfonned. 

It is very dilficalt to say what t!ie agents are by which the quan- 
tity of the urine is increased or diminished, and chiefly because a 
large number of agents operate simultaneously on the urinary secre- 
tioO, inereasing and diminishing it, and thus aid or neutralise each 
other. Hence it is very difficult to determine the diuretic power of 
each agent separately. 

The secretion of nrbe is nndoubtedly increased by free drinkijig. 
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although certainly not in the way pointed out by Falck^ who affinns^ 
that the whole of the water drunk is separated with the urine, ^e 
all know, that an individual who is exposed to a high temperature, 
if he drinks much and takes strong exercise, will perspire freely; 
and accurate experiments have shown, that under such circumstances, 
a larger portion of the water passes out of the body through the 
skin than through the kidneys. Fluids of the most varied kinds, 
such as water, carbonated water, beer, wine, tea, &c., when taken in 
sufficient quantity, act diuretically on persons in health, but not 
invariably so on the sick. The differences, however, which un- 
doubtedly exist in the diuretic properties of different fluids are vei; 
difficult of determination, for numerous attendant circumstances 
modify their action, and so also do individual idiosyncrasies. 

Examples, — The quantity of urine passed per hour in healthj 
men was increased by free drinking of water from between 60 and 
70 C. C, up to 300, 400, 600 C.C, and even more. 

In twelve students who, for the sake of experiment, drank la^ 
quantities of beer, the mean quantity of urine secreted per hour 
reached 473 C. C. ; the minimum quantity being 212, and the maxi- 
mum 838 C. C. 

C. Westphal also {FircAow's Archivy. 1860, vol. xviii. p. 509) and 
K. H. Ferber {ArcL d. Heilkunde, 1860, I. p. 244) found, that the 
ingestion of water produces an increase of the urine in dogs as well as 
in man; the quantity of urine increasing gradually, remaining station- 
ary for some hours, and then returning to the normal standard. They 
also found that the whole of the water imbibed was not evacuated 
with the urine ; a considerable portion of it in fact passed off with 
the perspiration. 

The secretion of urine is lessened by diminishing the quantity of 
drink, by abstinence from drink until great tliirst is excited, but not 
in a degree equal to that in which it is increased by free drinking. 

Example, — In four male persons of twenty to twenty-five years of 
age who were put upon a dry diet, the mean average quantity of 
urine, which under ordinary diet reached to about 86 C. C. per hour, 
was reduced to 37 C.C. (Mosler). 

All causes which favour the separation of water from the body 
by other ways, diminish the secretion of urine ; for example, free 
perspiration, copious watery stools, and frequent vomiting. 

On the other hand, all causes which lessen the passage of water 
from the body through other outlets, increase the urinary secretion ; 
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,inach moisture iu the air,' for instance, whereby the cutaneous and 
ptdmonary exhahitions are impeded, nnd other agents, such aa cold, 
vliich diminishes the cutaneous perspiration. 

As, howe\'er, causes of this kind seldom exercise an undivided in- 
'flnence over the urinary secretion, the quantity of urine which is noted 
JD mch cases cjin rarely ever be regarded aa the effect produced by any 
one particular agent. For this reason I shall omit numerous exam- 
■pies, which I might quote under this head. To obtain some general 
ideB of the actual power of these agenta, the following considerations 
may he noted. The quantity of water passed with the urine is about 
eqoAl to the whole quantity passed through the skin, the lungs, and 
with the ficces. The increase or the diminution, therefore, of any 
one of these last-mentioned functions must exercise a considerable 
ttiilaeiice over the amount of urinary secretion. 

The action of the nervous system upon the functions of the kid- 
neys has doubtless a very great influence over the quantity of urine. 
Tlie action of the kidneys is generally increased by great bodily and 
mental exertion, and lessened during sleep, and when the body is at 
rest. Il is also increased and diminished by different diseases. 

A large number of observations made on seven men, gave 58 C. C. 
M the mean quantity of urine pa-ssed hourly during the night, and 
78 C. C. as the average during the day. That rest alone was the 
cause of the difference in quantity which was passed during the 
night may be inferred from the fact that persons who work during 
Uie night, either bodily or mentally, pass as much urine then as they 
. do daring the day. 

The influence of increased action of the kidneys on the secretion 
of ntine is strikingly shown in cases of dropsy. For instance, in a 
dropncal patient who passes on an average only 400 C. C. of urine 
in twenty-four hoars, the secretion under the influence of diuretics, 
or even by simple increase of the bodily powers, may reach, in a very 
abort time, to 3000, and even 5000 C. C. per day ; and this will 
hippen without any material change in his mode of living, of the 
quantity of his drink, &c. 

The following appear to be the simplest physiological conditions 
to which wc must look as the regulators of the quantity of urine 
passed : 

1. Tie mart or te»t watery condition of Ihe bhod. — A large addi- 
tion of fluid to the blood increases, and a large abstraction of flni<l 
tnm it, diminishes the flow of urine ; 
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(S. The slate of actie'dg "f the I'idiuyt ^The action of the 

a simple force. It dcpeutls upou the degree of the 
I blowl ID the reiiat artt.-rics, and especiaJIj- in the Mi 
; upon the cas; or impeded Sow of unnc from the 
canals, upon the stale of the uLtvoua system genenU;, and of tie 
- nerx'ps of the kiduey in p&rticular, Ike. AJi th«»e several fLircn, 
however, have not yet been clearly determined ; we therefore chat 
them all under tlie above general expression. 

QuanfK^ •>/ vrine pwiiird hy Ike sick. — The quantity of urine pused 
by the sick varies much. \\a variations arc in some caaes acndentil, 
depending u]>on different influences; in other cases th«v are constani, 
so as to he always essentially the same in diseases of the same kind. 
The abnormal sl«tes of the urine of the latter kind are of great im- 
portance to the physician, both in respect of diagnosis and prognusi^ 
and treatment. The most important of these arc the following : — 

1. In all febrile diseases during their acute periods, the tjoanUtf 
of urine is considerably diminished, but increases again when tic 
intensity of the disease has passed, (Among the very few eicep- 
tions to this rule may be mentioned intermittent fevers during theii 
paroxysms.) During convalescence the quantity of urine again 
becomes normal, or even exceeds the normal quantity. 

Hence, in all such diseases, the quantity of urine, especially in cos- 
juuctiou with the colour of the urine (Section cxni.), gives 
portaiit indications. Thus a constant daily diminution of tbequ 
of urine indicates, that the intensity of the disease is increasing 
continued passing of a diminished amount of Jirine — less tbaii 
800 C. C. a-daj — that the intensity of the disease has not <Umi- 
nished ; on the other hand, a gradual increase of Uie quantity of 
urine shows that the force of the disease is broken. 

An explanation of this general law, which is of conaiderrLble im- 
portance aa indicating the state of the nutritive functions of the 
body in febrile diseases, can scarcely yet be given, it would ajipeflr, 
on close examination of the urine, that in all these cases the dimi- 
nution of the quantity of urine depends solely upon a diminution of 
the quantity of water separated by the kidneys, liow this is broi 
about, whether by diminution of the pressure of tlie bloodj 
lessening of the nervous influence, &c,, has not yet been 
tallied. 

Diminution of the quantity of urine occure, wilb vtry few txtx^ 
tussu, in All acate febrile diseases, in pneumonia, [dttorisv, c^ 
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rheumatic, giistric, antl pyseimc fevers, &c. The fact is well Imowu 
- lo all physicians, and requires no illustration here, Tlie following 
B to show the changes iu the urinarj> secretioua iii these 



An attendant in my cliniqui.', the normal quantity of whose 
urine had heen for some time previously determined, fell ill of 
fyphns. Tlie daily quantity of nrine, which he had previously passed 
was on an average about 1800 C, C, it now gradually diminished, 
Hud iu the course of three days fell down to 200 C. C. In the five 
Iblloiruig days the quantity again gradually increased up to the 
aonnal standard ; then exceeded tliis, reaching to 2200 C. C, and 
finsUy again came donn to the normal amount. 

Id a patient suflcring from pneumonia the urine first diminished to 
600 C. C ; in the course of ten days increased to the normal amount ; 
then exceeded this, reaching to 3U00 C. C. ; and lastly, witli slight 
variations, gradually returned to the normal quantity. 

2. Towards the fatal termination of diseases, acute as well as 
chronic, the urine in most cases either gradually diminishes, or 
remains at a low standard, varying somewhat from time to time. 
fiat this is not always the case. Sometimes the urine diminishes 
only very slightly up to the time of the death of the patient, 
amounting to as much or more than 800 C. C. a-day. This donbt- 
leas depends upon the circumstance, that in many cases the immediate 
cause of dealh is to be referred to a gradual fading of the nutritive 
powers; whilst in other cases, it is rapidly induced by disturbances 
of the nervous system, impediments to the heart and lungs, &c. 

8. The quantity of urine passed in chronic diseases, is of especial 
interest to the physician, in dropsy for example, and in those dis- 
orders to which the generic name of diabetes is usually given. 

The quantity of the urine, and especiaDy of the water secreted by 
the kidneys, is generally much diminished in cases of dropsy. 
In consequence of this, the constituents of it, and especially the 
water, which should otherwise be evacuated, are retained in the 
blood ; thereby favouring the exudation of the dropsical fluid into the 
areolar tissues, into serous cavities, S:c., and rendering still more 
difficult the absorption of the fluid already cfTused. Long experience 
has shown, that the cure of the dropsical is especially promoted by 
iDcrea.<iiig the discliarge of urine by diuretics. The quantity of 
urine passed by the dropsical is the surest sign on which to form 
a prognosis, and also gives ue the best indication for treatment. 



1 

I 



360 SOLID RESIDUE 

We usually designate with the name of diabetes those diseases, in 
which the quantity of urine for a length of time exceeds constantly and 
considerably the normal standard. To judge of these cases, howcvw, 
it is necessary to ascertain the amount of solid constituents contained 
in the urine ; it is not enough merely to measure the amount of fluid 
passed. (Section cxii.) 

4. It is evident, tliat in the sick the state of all those forces, whidi 
influence the secretion of the urine in health, must be taken into 
consideration. In the sick, for instance, free drinking, and a wateiy 
state of the blood, combined with increased activity of the urinary 
organs, may temporarily increase the quantity of urine. Generally 
speaking the urine is diminished temporarily, through sweatings, 
diarrhcea, and other watery evacuations ; and as a rule permanently, 
in consequence of the sick taking less food than the healthy, and 
because in them the nutritive powers are generally enfeebled. 



section cxii. 
Solid Residue and Specific Gravity op the Ubixe. 
J. VooEL. Archiv fur genmnschaftL Arbeiteriy vol. i. p. 119. 

1. The method for estimating the quantity of solid residue of the 
urine, as well of its water and other constituents, which volatihse at 
a temperature of 100° C. (212° Fahr.) has been already described 
in Section lii. The processes, however, there given are both 
tedious and difficult, and therefore of little practical utility. They 
must, nevertheless, be resorted to in all cases in which an accurate 
estimation of the quantity of the water and of the solid residue 
is required. 

For the purposes of the physician, who only requires approxima- 
tive results, these processes may be advantageously passed over ; the 
sohd contents of the urine being estimated by its specific gravity. 
The method for taking the specific gravity of the urine is described in 
Section li. The urinometer, with the glass apparatus belonging 
to it, is the most convenient instrument for the purpose. 
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nrine, independently of the variations of its watery part, 

ibly contained the same relative amonnt of constituents, we 

be able from its specific gravity to determine accurately its 

; of solid constitnents, just as we determine the percentage 

alcohol in spirits, or Ihe strength of sul|ihimc acid, &c. But 

t Dnfortnnately is not the case. The qunnlity of different con- 

taeDts of the urine increases and diminishes in very varying pro- 

^pHioiis; consequently we cannot obtain accurate results as to the 

bbd constituents of the urine from its specific gravity. The best 

pnniila by which to reckon the amount of solid contents of Ihe urine 

tiBtD ita specific gravity is Trapp's. It consists in doubling (he two 

Mt figures of the specific gravity which ia obtained, llie product 

fivesthe numberof grammes of sohd constituentsin lOUO grammes. 

jboB urine of a specific gravity of 1-010 should contain in 1000 

[rainmea, 20 grammes of solid constituents; of a specific gravity of 

L*015, 30 grammes; of TOSO, +0 grammes, and so on. 

. In order not to draw erroneous conclusions as to the amount 

solid constituents in the urine, through judging by it.s 

lific gravity, we must keep in mind the amount of error to 

ich this method is liable. Numerous experiments made by 

ijBelf, as well as the observations of others, show, that by 

method we may be led into an error of =-t" °^ ^"^^ ^^ 7 i ^"^ 
:tiut in the case of the sick, especially when their urine has a high 
Mpecifio gravity, the error may be even greater, amounting to — and 

B J ' If, ^in, the urine of a sick person yields, on three 

Ipnsecntive days, 55, 60, and 60 grammes of solid constituents, ac- 
irding to Trapp's formula, we should not be justified in saying, 
^t on the day when the formula gave 60 grammes he passed the 
itf^t quantity of solid constituents in the urine, nor that on the 
Kj vben it gave 50 grammes he passed the smallest quantity. The 
ifference in these three numbers is so small, that it may be 
lirly considered as a ^jossible error of observation. In cases of 
his kind, in order to arrive at any positive conclusion as to the 

lount of solid constituents in the urine, we must resort to some 

ire exact method — to evaporation, for example. 

On the other hand, if we find, from the specific gravity of the 

be, that n person, who has been accustomed to pass a daily 
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average of about 60 grammes of solid constitaents in it^ secretes on 
certain day only SO grammes, we are justified in concluding tint 
he passed on that day a much less quantity of solid constituents thin 
ordinary ; for in such case the difference is too great to be acconnted I 
for by any possible error of observation. Still, however, to affinn, i 
that the person had on that day passed only half the usual amooni I 
of solid constituents in his urine, woold be rash and unwarrantable, 
for by direct experiment we might perhaps find 28 or SG grammes 
instead of SO. 

As the estimation, by its specific gravity, of the solid constituents 
of the urine gives such very inexact results, it seems immatezid 
whether we make use of Trapp's coefiScient 2, or of any other— of 
Haser's, for instance, 2'S3, for the difference between these two,whidi 

only amounts to ^ , would still fall within the limits of un- 
avoidable errors of observation. | 

W. Kaupp {Arckiv, /. physiolag. Heilkundi, 1856, part 4) also 
found Trapp's formula correct The recent researches of Neubaaei, 
however (compare p. 156, and p. 268), tell rather in favour of 
Hiiser's formula. The coefficient 2, by its simplicity, and bj 
the readiness with which it allows the calculation to be made men- 
tally, recommends itself to us in the estimations and calculations 
made at the bedside of the patient, which never can be very accurate. 
In cases of this kind differences in temperature of the urine, if tier 
do not exceed two degrees, may be disregarded. 

2. What practical conclusions can the physician draw from a 
knowledge of the quantity of solid residue, and of the specific gravity 
of the urine ? 

First of all, from the specific gravity we are enabled to calculate 
the weight of a measured quantity of urine. The calculation is 
simple enough: 1000 C. C. of urine of sp. gr. 1*024 weigh 
1*024 grammes, and so on. 

Then, again, the specific gravity of the urine, and the quantity of 
solid constituents as thereby calculated, or as ascertained by direct 
experiment, often give us important indications concerning the 
quantitative changes going on in the nutrition of the body, and 
particularly concerning the quantity of solid parts and of water, 
which have been separated through the urine under certain condi- 
tions and in a certain time. 
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the sf-naraTion of mjrt»id product* from the body being thereby I 
favourtvK a? hrippt-Ti? in maiir case* of hrdneniia and dropsy. Ttis I 
forn -.f iriTfiiSr of the urinaTT secrtnion (hvdruria) is therefore 
io:,'iliv ^:::Tt•^.:lt from the diabetic form. 

Ej-.^ftsy-^. — A "woman, 31 years of a^e, wlio had long suffered 
from sTrnpi :i * c»f anscmia and hysi^Tia, with giddiness^ headache^ 
sjiasms of the cervical muscles, hvpenesthesia of several of the verte- 
bre. p.ile face.. \"c., passed an exceedingly large amount of urine, 
the iiaily average, as calculated from fourteen diys' observation, 
amounting to 3.0 SO C. C. The specific gravity of the arine was not | 
much less than natural, but the amount of solid constituents in it, I 
accruing to ca-culition, reached an average of S7 grammes daily, " 
a quantity much greater than normal. The maximum quantitj 
passed in £4 hours was 136 grammes^ which is more than doable 
the normal quantity. In this case, which was one of tme diabetes 
insipidus, tlie increased separation of solid constituents combined 
with deficiency of nourishment, was, manifest ly» the chief cause of I 
the symptoms. She soon improved in health under a generous did, ] 
with steel, and other tonics. 

A man, 35 years old. of Herculean frame of body, suffering from 
rheumatism of the neck, passed a very lai^ quantity of urine, the 
daily average of twenty-four observations being 20S3 C. C. \\i 
specific' gravity, however, was very low, being between 1'005 and \ 
1'U12 ; and the average quantity of solid constituents less than ' 
normal, amounting only to 42 grammes. The man did not appear | 
to suffer in anv wav throusrh the increased secretion of urine, and 
his case was evidently one of simple hydruria, not of diabetes. 

Many other deductions concerning the quantitative relations of 
the nutritive materials of the bodv in disease mav be drawn from 
the specific gravity of the urine, and from the amount of its solid 
constituents. Tliese will naturally present themselves to the mind 
of the physician. Thus, for instance, the relation of the solid con- 
stituents, which are separated with the urine, may be compared with 
the quantity of matters which are separated through the skin and 
the lungs ; and when the quantity of solid matters taken with the 
food is measured at the same time, we obtain the relative quantity 
of materials taken into the body, and separated from it. A know- 
ledge of all these facts is of great importance in reference to the 
natritive changes going on in disease; and the means for arriving at 
them are of a kind which are capable of being readily introduced 
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jB every climque. So little, however, baa as yet been done ia this 

■ of observalioii, that no positive concluaiona have been at pre- 

■ ■tiived at in relation to them. 

Bk specific gravity of the urine, also, gives the physician indica- 
nt which though of themselves not sufBcient to lend to any dis- 
ut condnsions in diagnosis, prognosis, or treatment, arc never- 
Hfin of service in leading to further investigations. The following 
nriderations may be placed under this bead : — 
Utea is the chief solid constituent of the urine. It generally 
ula in quantity al! the otiier solid constituents of the urine to- 
tber, and sometimes exceeds them. Consequently, the specific 
B»ity of the urine may serve to point out approximatively the 
aatity of urea in it. Such a mode of determining the quantity of 
e* is, however, very uncertain, and will never replace the direct 
iUiod of estimating it, which is readily performed. 
When tile quantity of the urine is much less than normal, and ils 
ectfic gravity ia high, we may usually conclude, in the case of 
■Ithy people, that its condition has been causetl by abstinence 
im drink, or by increased perspiration, and in the case of the sick 

ly BCUte disease. When the urine is much greater than normal 

■ of low specific gravity, we may conclude that a large quantity of 

mterj fluid has been taken. In the sick, who are suffering ^m 

I^draimia or dropsy, urine of this kind is a favourable sign, and 

f tbows that the system is making an effurt 1o get rid of the sujier- 

I, Bbondaut water collected in the blood or in the tissues. 

If urine is passed in large quantities, and haa^ high or even its 

(ordinary specific gravity, we must test it for sugar ; if there be no 
ragu in it, the case is one of diabetes insipidus. 

If the quantity of urine is not increased, or if it is diminished, 

[ sod jet its specific gravity is low, we may suspect the esistencc of 

an impediment to the secretion of urea, and in such a case must fear 

the occurrences of those symptoms which result from the retention 

i of area in the body (unemia), 

I lilt solid residue of the urine is diminished in most chronic 
diseases, excepting diabetes. An increase of the residue indicates a 

FMKire active condition of nutrition, and is therefore a favourable sign. 
On tlie oilier baud, an increase of the solid constituents of the 
Itrino in acute disease?, when at tlieir height, is an unfavourable 
I tigQr because the inanition wliich always accompanies such cases is 
I Ihetebjr increased and favoured. 
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(The figures in all cases indicate the specific gravity of tlie whole 
Zitity of the urine passed in 24 hours during the height of the 
■oc The frequent blanks which appear, result from the circuin- 
BOe that it was not always possible to collect the whole of the 
isnts' urine free from fERces, on account of its being often passed 
dnntarily with the fteces, a circumstance which frequently renders 
:enct qnantitative analysis of the urine in typhus very difficult, 
1 indeed almost impossible ;) 
One I.— 3rd day, 1019— 1-029— 1-031 —1-026— 1024 — 
iomitted—1-019— 1-021- 1-016. Subsidence of the fever. 



Cue 2.-4th day, 1028— 1-029 — 1-027— 1 day omitted -1-028 
.1*0*7. Death. 
Case 3.— 2nd week, 1-019 -1-020 —1-018— 1-020—1022 — 
WS8. Slow convalescence. 
The spwitic gravity of the urine in typhus, as in other acute 

68, fells as the fever departs and convalescence arrives. 
Oa the other hand, I must admit, that there are cases of typhus 
Vllich the specific gravity of the urine even during the height of 
disease is low, and even less than normal. The following are 
■D^es of this:— 

Oaae 1.— 1-008— 1-014— 1-017 — 2 days omitted- 1-017 — 
087 -1-015—1-014 —1-016 -1-014 —1-012. Death. 
Case 2.— 1st week, 1-018 to 1*020. Snd week, 1-012 to 1-015. 

Pitax coiivaleecence. 
, Case 8.— 1-021 —1-020 — 1015 —1-014— 1-010 -1-006 — 
ll-OlO —1-012 —1013 —1-015 — l-OU. Convalescence. 
I In all these cases the fever, from the beginning, had a distinctly 
marked adynamic character, and the general condition of the patients, 
t'^apedally the weak and distinctly double-pulse, ailbrded much more 
astworthy signs whereby to distinguish the case from one of 
mmatory affection of the brain, and its meuibranes, thau tbe 
oifio gravity of the urine, which, moreover, I have not always 
i so remarkably high in meningitis as Ziegler states it to be. 
aides this, diminution of tlie specific gravity of the urine occurs 
b other forms of fever, as well as in typhus, when they assume a 
l-marked adynamic type, as in pyeemia, putrid fevers, &c. 
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section cxjii, 
Qdantity o? the Pigmest-Matteh op the Urisil 
t 3. VoOEL, Archil) /uT gevteimchajil. Jrieiifti, vol. i. p. 137. 

I'he colour of the urine and its [ligmeiit iiiBttprs linvc 1 
spoken of on different occasions. (Sections ii. and lit,) 
difficult, indeed almost impossible, to obtain an accurate i 
of the quantity of pigment- matter in the urine, such as « 
customed to ex|«ct at the present day from quantitative 
aualjsis. I have, therefore, proposed a method, which is i 
simple and easy, for estimating the colouring- matter, and wk 
be practised by the physician. This metliod, it is true, 
approumative results, but it affords us interesting and 
conclusions, which may be | applied in diagnosis, 
tre^itineut. 

This method, and the mode of employing it, has 
described in Section lit. ; by means ot the gradations of 
given in the Table IV., anyone can make use of it. 

As objections of different kinds have been made to this medtf^j 
1 will here shortly answer them : — 

First of ail, it has been objected, that the colour of the urine d 
not depend upon any one single body, but upon sereral di&rcnt 
pigment-matters, I'his is true enough, and has been already vl- 
mitted. (Section lkxxiv). But the abnormal colours of the uiio^ 
whether accidental, as when caused by rhubarb, senna, &c, ot 
whether depending upon bile-pigment, uroxanthiiic, nroglaa- 
cine, urrhodine and uroerythine, are eoiuparatively rare, aud, wba 
present, may be readily recognised. In all such cases it wodd, 
doubtless, be a mistake to make nse of the tabic of colours for the 
quantitative estimation of the pigment- matter. No fair exception, 
however, can be takeu to the method because it is not applicable is 
such exceptional cases; it very rarely indeed happens, in any qoift> 
titative chemical investigation, that a method is applicable in emj 
possible case. In by far the greater number of cases the ttfio^ 
especially when filtered, contains either none, or only a very snuH 
quantity, of such abuarniHl colouring-matters; being in most case* 
coloured chiefly by the ordinary colouring- matter. Heller's urophsiiv- 
Moreover, it has been objected, that the shades of colour given in 
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e of colonn do not run in a regular series, and that through 
tion of brown or of very liigh-coloureii urine, for instance, wc 
" J not obtain ciactljtlie same shades of colour as pale urine yields j 
consequently, Hial the statement, that red urine contains 32 
■ more, and brownish-red urine R4 times more colouring-matter, 
I psie yellow, is not sufficiently accurate, I nni quite willing to 
t the colouring-matter of the urine is not invariably the 
T all circumstances, but that it may present motliiications, 
! an influence both over its colouring power, and over 
shade of colour produced by it ; but this is no reason 
• should not use the colour of the urine for the approximative 
f ils pigment -matter, taking care not to fix the limits of 
e errors too low. 
iitberto, notwithstanding the praiscH orthy labours of Scherer and 
, we have not been able to obtain the colouring- matter of the 
B in a pure state, and consequently the fixing of the limits of 
' 1 this case is completely arbitrary. I believe, however, that 
A nther above than below the mark, if I assume, that the possi- 
t error may exceed by J or even J the number found. Varia- 
therefore, which exceed these, indicate with certainty a 
E in the amount of colouring-matter ill two kinds of urine 
I compared together; whilst other variations, which are less 
s these, may be considered as of no value. 
t, for example, the quantity of pigment-matter, which a healthy 
I Jpwuoii passes in 24 liours, amounts to 4, and we find that a sick 
' ptrwn passes from 16 to 20, we may be sure that there is a con- 
I riJiinlili increase of the pigment- matter in tliis case, to the extent 
I of *fc least 2 or 3 times the normal amount. So, also, ve may be 
BR that the quantity i» abnormally diminisbetl, if the calculation 
nly gires 1. But if the quantity is found to amount to 3*5 or 4'5, 
I we cannot conclude with any certainty eilher as to its increase or 
[ fininution. 

For these reasons 1 consider I am right in maintaining, that 
I BKful information may be obtained from this method, provided it b« 
euttitnisly applied ; and that, if the hypothesis here usetl us a ground 
I of explanation of its signifiealiou be correct, it may yield im- 
portant explanations of the nutritive processes — of the destruction of 
tho blood-corpuscles — explanations of still greater value, because the 
means which the physician posseAses, of forming an opinion as to the 
it of this part of the nutritive function in the sick, is very limilnl. 
hi. 
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PIGMENT MATTER 

The indication afforded by &n increase or a 
it-mstt«r of the urine nuiy be deiivetl from 

imidernlions, which are indeed in part only bypothelical,! 
BtQ), very probably, correct. 

There arc many grounds for believing, that a portion of the 
corpuscles ondefgo a retrograde metamorphosiB in the bring 
and are dissolved ; and that their colouring- matter, 
thereby changed, and at last separatai from the body in the form 
the pigment- matters of the urine and bile. Conee(|ueullr, weraij 
obtain from the amount of these matters taken together, a sort d 1 
measure of the degree of decomposition of the blood-coipttsdea, whiei . 
is going on. Useful liiuta and conclusionA res|>ecting the diaguoas, I 
prognosis, and treatment of many diseases may be gained in ttis wit. 

We are not yet able to determine what amount of blood-cor> j 
poscles, or ha^matine, corresponds vith a given quantity of uiiae> I 
pigment; although I have often compared the colouring power of i 1 
knonn quantity of urine-pigment, as pure as possible, — and fcv \ 
which 1 have to thank Dr. Harley, — with that of a known qoanlitT 1 
of blood- corpuscles. We know too tittle at present of tiie change) j 
which the Wmatine nndergoes before it is converted into uhnr- m 
pigment. Por this reason 1 have proposed as a stapdard for osao* I 
taining the quantity of urine-pigment, to fix at 1 the ijoaotity of I 
urine-pigment contained in 1000 C. C. of pale-yellow nrine, instead t 
of attempting to measure the absolute quantity of urine- pigmenl: br ) 
weighing, or hy comparing it with the colour of a known qoantily i 
of blood -corpuscles — such means of estimating the pigaest bcug f 
difficult. i 

The following are the arguments upon which the above bypiK 1 
thesis ; viz., that the urine-pigment and bile-pigmenl are modiliea- 
tions of the colouriflg-matter of the blood, is founded : — | 

Blood-colouring matter is destroyed with difficulty. Extiavan- i 

tions of blood in the body, as well as hlood that baa bc«n subjected ' 

to various inllueiiccs out of the body, retain their colour with gitat | 

tenacity, or only undergo slight modifications of colour. Cobsc- i 

Dtly, it is not probable that the colouring-matter of blood, which ■ 

been used, and become useless for the purposes of lifu, posMS nut 

he body ns a colourless compound ; but, on the contrary, ihew ^ 

be no doubt that it still retains some of ita colour when 

moreover, the only coloured excretions of tho 
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nent, or the bile-pigment (as modified in the feces), or both of 
tttem, as formed of the used-up colouring- matter of the biood. For 
■nch reason!!, many excellent observers, Scherer, Polli, Virchow, 
and Hariev, have concluded that the bile-jiigment, and the urine- 
ftigment, or both of thera, are, in part, educta of the hEematiuc. 
Harley, moreover, has lately shown that the very pure urine-pigment 
prepared by him closely resembles, in many respects, the colouring- 
nstter of the biood. 

Tile quantity of uriue-pigment normally passed by a grown-up 
person, amounts, in £4< hours, to from 3 to 6, or, on an average, 
to about iS or O-i per hour — 1, aa above mentioned, being 
taken as the standard.* 

By means of this standard we judge of the quantity of pig- 
meal in the urine in a case of disease, whether it be normal or in- 
creased, or diminished. 

The quantity of urine pigment is considerably increased in all 
acute febrile diseases, although the urine itself is diminished ; in 
«Q^ cases it reaches 16, 20, and even more. The increase is still 
gieateriu fevers, during whose progress the blood undergoes disao- 
lotion (typhus, septic fevers). 

We notice, indeed, as a general consequence of these diseases, a 
diminution of the blood-corpuscles, and a more or less well-marked 
ansmic (oligocythEemic) condition of the body. 

ETomples. — The quantity of urine-pigment in a large number of 
cases of pneumonia varied between 16 and 24 during the height of 
the fever. In a case of acute rheumatism, when the disease was at 
iUl height, it reached from 30 to 32 ; in a man suffering from 
typhus, during several days, to between 80 and 100; in a man, 
who had inhaled arseniuretted hydKgen, to between flOO and 800 ! 
In the last case, however, the matter which coloured the urine 
differed from the ordinary urine-pigment, being nearly pure htcma- 
tine i and hence the quantitative analysis of the colouring-matter, 
as measured by the de|)lh of colour of the urine, can only be con- 
sidered as approximative , — the difference, however, between the 
qoaotity found in these cases and in normal conditions is so great, 
that any [jossible error of i, or even of J, need not be taken into 
consideration here. 

• My observations show, that the ijuantity of colouring- matter passed 
with the uriae varies greatly. I foutid, daring the 24 houn, S to 30 parts 
af colouring- matter according to the above scale. 
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On the other hand, the quuititj of anDe-pigment ia iioMf 
Iras ihnii iionna] in mftny cases of disease : in those casts, tu ' 
stance, in which lliere is a diminished formattoQ nf blood-corp(ude|{ 

in chlorofis and amemis ; in convalescence from srvrrc &aM 
I ID hysteria and nervous diseases, &c. In cases of thia kind, 
eonditioD of the orine often serves as an aid to diiigTiosi<i sul tn 
incnt, — the use of tonics, and especially of iron, being iDiiicaud. 

ErampleJt. — The daily quantity of urine-pigment in chlonik 
pereons vas frequently found under I ; and in convaleseenM, iltB 
severe diseases, for a long time often not more than fin 
1 to 2, &c. 



SECTION CXH-. 

QuumTATITE AlTBRATIOSB op THS UbISE, REqUIBI>'0 OMI' 
PLICATED ChEMICAI. OpEEATIONS FOR TUEIR DeUOXOTRATIOS. 

The quantitative alterations of the urine considered in the \sie 
going Sections are very easily made out. Their estimation, in bet, 
requires but little practice, special knowledge, and appantus; n 
th.tt the physician may himself undertake the inrcstigatioD in ill 
cases of disease in which the determination of these changes is t 
matter of importance. 

'I'he quantitative alterations in the composition of the urine BM 
to be spoken of have, on the other hand, been hitherto much nan 
difficult of determination. They required, as a rule, more time 
than the physician could give to them, besides special chemical 
knowledge, and a certain amount of practice in ijuautitative che- 
mical analysis ; and, moreover, some of these processes could not be 
carried out correctly except in a well- furnished lahoratoiy. Conse- 
quently, analyses of this kind have hitherto been undertaken abnost 
solely by chemists for the solution of physiological questions, and 
rarely ever employed for practical purposes by the physician. In- 
vestigations of this kind have not, generally speaking, been regarded 
as necessary, or as capable of yielding any important information 
concerning the nature, &c., of diseases; but have been looked upon 
rallier as sapcrRuous and useless. 
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^^' Under these circuinstniiccs, it was useless to expei't that pliysi- 
Biaana would ondertoke such investigations; though some few, it is 
Knie, have entered oil the task, partly from love of science, and 
Byaxtly because they thought thereby to render important services to 
V their patients. 

I Happily, however, this stat« of things now uo longer exists. In 
L^onsequence of tlie extensive application of chemistry to the arts 
^wnd manufactures, new methods have been discovered whereby 
Hqtuntitative chemical analyses have been much simplitied. These 
Bmetliodsj and especially volumetrical analysis, are peculiarly adapted 
r for the purposes of the physician, and particularly for the quanti- 
[ tetive investigation of the uiiue. This simplified method of analysis 
f majr be accepted as perfectly accurate in respect to several conati- 
L taents of the urine; and we may expect that it will also soon 
[ become so in all the others. 

I Most of the quantitative analyses of the urine, which a few years 

L iigo were difficult of performance, have in this way been so sim- 
I pUfied, that any properly educated physician may readily undertake 
them. Loss of time in their performance, moreover, forms no 
I excuse for the physician, in cases in which the investigation is re- 
I quired, for a chemist may always be found ready, for a moderate con- 
sideration, to undertake the simplified analysis ; and, if necessary, 
\y intelligent attendant, or servant, provided he be careful, may, as 
know from experience, be taught enough for the purpose in a very 
■hort time. 

The chief point for the consideration of the physician who un- 
lertokcs such an^ilyses is, ^t he should always clearly understand 
le object which he has in view. If he is not clear upon this point, 
B had better not undertake the investigation, for in such case the 
lalysis is generally useless, and very often, indeed, productive of 
ischief. My chief object in the following sections will be to in- 
Tttct the physician npon these points as far as it is possible to do 
J at the present moment. 
1 must, however, first premise certain general rules for the 
:ial investigation of the single constituents of the urine. These 
ttUea are given in the following Section. 
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b of the analysis are completely thrown sway. In 

Kiallj in the sick, the deter in inatioo of the quantity of 

a a given time is ofteu difEcuIt ; sometimes the time is 

eiy kept ; more frcqu«illy a certain quantity of the urine 

It with the motions or passed involuntarily ; and frequently it is 

■sly thrown away or mixed with the other matters hy the 

% during the absence of the physician. He must, theTefore, be 

red for and guard against these different sources of error, 

D those cases where he feels that he is not safe from error, he 

R better re&ain altogether from making an analysis, than run the 

K of working out erroneous conclusions by starting upon fiJae 

S. Moreover, it is very important that the physician should leant 
Ht *Bln amount of possible error attaching to the different methods 
b .^ilBch he makes use of, and always bear it in mind, when working 

t'flot his conclusions. 
' 1 will point out these errors, as far as it is possible to do so, in 
^^^Kih particular case ; and will also make a. few general prcUmiiury 

Stenvks on tlie subject. 
Hie amount of error attaching to any analytical method, that is to 
Hij, the difference between the result obtained and the absolute fact, 
depends upon two circumstances; 1. Upon the degree of correct- 
neas of the method itself; and 2. Upon the skill and care of the 
Hialrst, the goodness of his apparatus, the purity of his tests, &c. 
The de^ee of incorrectness of any method, though unavoidable, may 
be pntty accurately determined, and the value, indeed, of any 
nethtxl depends upon its degree of accuracy. The second fact is 
nuiable ; when the analysis is badly performed the error is great, 
uid riee vertd in a good analysis it is exceedingly small. 

We cannot expect that every physician who performs a quantitative 
utaljrsis should be an expert analyser; but it is quite necessary that 
he should kuow what degree of trust may be placed in his analysis. 
And this anyone may readily find out, by repeating several times 
the quantitative analysis of one particular constituent of the urine 
«ith the same materials, and using the same method. The greater 
or lesa concordance offered by the remits of the different analyses at 
OBce enable us to judge both as to the correctness of the method 
•od the skill of the analyst ; we Icam how far we may trust the 
figniea obtained by him, and the value of the conclusions which are 
dednoed from them. If in this way, and hy repealed L-xpcriment, 
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we have once determined the amount of error attaching 
lysis, we may, in cases in which great accuracy is not 
ront(»nted with a single analysis. But in all quantitati^ 
whero great accuracy is required, and where the materials suffice bx 
a reiH'titioii of the analysis, a second analysis to control the first ii 
always advisjiblc, and if the results differ much, even a third; the 
moan sum of the three analyses being then taken as the result. 

We fn^iuently meet inith cases where great accuracy is not re- 
quired in the detennination of the constituents of the urine : where, in 
fiict, all we wish to know is, whether the urine contains more or less 
than a certain amount of one particular constituent. For example, 
a healthy man passes with his urine about 10 or 13 grammes of 
chloride of soilium in 2 i hours ; but in most acute diseases, when at 
Uioir height, the amount of chloride of sodium thus discharged from 
the body is reduced to a minimum quantity. If, therefore, by an 
apprv)ximative method of analysis (which will be presently described) 
we tind tliat less than one gramme of chloride of sodium is separated 
with the urine of a patient in 24 hours, we may safely conclude that 
u gn\U diminution of the normal amount of the chloride of sodium 
in the urine h:is taken place. In most cases this information is 
sufiioient for the purposes of the physician. He does not require to 
know the exact amount of chloride, whether it is 0*1, or 0*5, or 
OS irnuuuie, 

Apiin. if wo tin J, by a simple experiment, that a person passes 
mon* th:ui 0*400 u:nunme of sulphuric acid with the urine in one 
liour, wo have ti:>ivrijuuod enough to satisfy us that the amount of 
sulphuric acid excn^cil is at least four times larger than natural. 

Apprv^ximativo CiJculations of this kind may be varied according 
10 circumstancts. and are of great service to the physician. They 
may Ih* rapidly iHTformcil — in two or three minutes — whilst an 
exact osliuuiliou would nnpiire thirty or forty minutes for its com- 
ploiiou. Wo must not, however, deduce from them any other con- 
clusions than those which are warranted by the results obtained. 

h apjHMrs from this that we may carry out the quantitative ana- 
1\MS ot the uriuo in very different ways, according to the object 
which we ha>c in view. A physician, who understands well what he 
is about, may, in certain c;is<*s, derive conclusions by means of an 
apprv^ximative quantitative analysis, rapidly performed in a couple of 
minute^ wliich are of more value to him than the results obtained 
through a careful analysis conducted by a highly skilled chemist. 
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le chemist may, la fntt, have spent man; ilaj's over tite operation, 

A'jet hia labours be of no service to the phvsician, the pnrticular 

Unt required by the latlcr having been overlooked by the chemist. 

BB BhowB huw important it is to keep clearly in vietv the object 

Bed at. 

A. The indication afforded by the increase or dimination of any 

Itticular couatitaent of the urine must be considered separately 
the head of each constituent ; I may, however, premise a few 

metal remarks, which refer equally to severa] of its couslitueuls. 

The constituents of the urine may be divided into two lai^e classes, 

[ Rccordance with their origin. 

Those bclong:ing to the first class are formed in the body, and 
116 in fact products of the operations going on in the body. Urea 
nd oric acid, compounds which are vety rarely taken iuto the 
l^edj as ingesla, aie both of this class. A diminished quantity of 
ee bodies in the urine shows, that tliey have either been produced 
rin lesB quantity than normal, or that they have been retained and 
^re accumulated in the body. Perhaps, in some rare instances, they 
■lay be evai'uated in an abnormal way, or may undergo partial decom- 
pontion and conversion within the body. On the other hand, Uieir 
increased secretion shows that they are either produced in abnormal 
quantities, or that they have been accumulated in the body, and 
tiieii all at once evacuated with thCfUrine. 

Most of the constituents of the nrine are comprised in the second 
olaaa. They are either partially produced in the body or formed out 
oi other compounds by chemical decomposition. Some of them 
merely pass through the body. The amount of them, which is 
separated with the urine, depends in part upon the activity of the 
metamorphoses going on in the body ; in part, also, upon the quan- 
tity of tliem vtbich is taken into the body as food, drink, medicine, 
&c. Thus, for example, the oxalic acid of the urine (as described ij» 
Section ci.) may be formed within the body, or it may have been 
bikeit into the body with different kinds of food containing oxalic 
scicl. The sulphuric acid in the urine may result from oxi<lation of 
the sulphur coutaiued in the prot cine-compounds of the body ; and 
it may ^so have been derived from the drinking of water containing 
mlphiite of lime, &c. The quantity of chloride of sodium, again, 
contained in the urine may depend both upon an increased or dimi- 
niahed action of the kijueys ; and also upon the amount of the salt 
irhi'^h has been ingested with the food. 
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circumstances, give rise to erroneous or inexact conclusions ; 
tlieae errofB camiot be wholly avoided unless the original 
a be subjcctiid to a long and troublesome modification. The 
are as follow : — 

1, The error connected with the presence of chloride of sodium 
tJte urine. This has already been pointed out at p. 186, as 
as the means of avoiding it, I have, therefore, only a few 
remarks to make on the point. In all cases in which we 
Nrish to obtain a very accurate estimation of the amount of urea 
the urine, where, in fact, an error of from 1 to 2 per cent, is in- 
lible, we must, first of all, precipitate the chlorine from the 
in the manner described at p. 1S6. 
"When great accuracy is not required, this tedious process may be 
' ited, and then we may follow two courses : 
£ither we rany take no account whatever of the presence of the 
chloride of sodium. And then, in this case (eicepting only when 
the urine contains no chloride of sodium, or only a trace of it), the 
area will always stand at too high a figure. The error, indeed, may 
amount to 10 or even 20 per cent. It will, for instance, be great, 
if we compare the urine, usually rich in salt, of healthy persons, or of 

I persons suffering from chronic diseases, with the urine of those who 
»re (differing from acute febrile diseases, which generally contains 
very litUe chloride of sodium ; 

I Or, we may make a correction for the amount of salt in the urine 
according to the quantity of the urea which has been obtained (see 
p. 186). Tiiis correction, however, is only approximative; and, 
«pite of it, the error may still amount to as much as 5 per cent., and 
be either positive or negative. 
2. A oecoiid source of error in Liebig's process results from the 
IgCt that otlier bodies may be precipitated with the urea. In such 
\ggae the weight of the urea obtained will be too great. This is trne 
grf aUantoine, a compound, however, which is rarely met with in the 
Brine (see p. 189). It is true also of other nitrogenous com- 
,ands of the urine, which are more frequently present, and espe- 
iMy in the sick. Kletzinsky* found, in a number of carefully 
lade expericmenta, that a nitrogenous compound is in most speci- 

• Kletiinsky, KnmparaUve Feriuche iiber den irerlh rertehiedrtier 
r^l.»deit d'T namttoffheitimmung. Heller's ArcUv. 1853. p. 252, {Com- 
tiw Mperimeota relative t« the value of the different methodi of de- 
J^^j^ing the nre. in the «rine,) 
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mens of urine precipitated by a solation of sugar of lead. Tim I 
compound is not urea, but, in Liebig's method, it is preciptakd F 
with the urea, and is included in the calculation made of the ma y 
The quantity of this compound found by Klletzinsky amounted to 4, t 
8, 3, 2, and 2 per cent, in healthy urine. In the urine of disease 
it was much greater, amounting even to about 12 per cent. Hence 
the quantity of the urea, especially in the urine of the sick, may be 
set down at too high a figure ; and in some cases the error may 
reach even to as much as 20 per cent. The error is often, to a 
certain degree, compensated for in this way : The urine in acute y 
diseases contains very little chloride of sodium, so that the quantitj ^ 
of urea found in it, when compared with that in healthy urine, wodU 
be too small, unless correction were made for the chloride of sodium; 
such compensation, however, is only admissible in very superficial 
investigations, and must not be received where accuracy is re- 
quired. 

To avoid this source of error, it is necessary to add to the mine 
sugar of lead solution, rendered acid with a drop or two of acetic 
acid, until the whole of the matters capable of being thrown down 
are precipitated ; any excess of lead remaining is then precipitated 

by sulphuretted hydrogen, and the urea determined by Liebig's 

method. 

This source of error, which was first pointed out by Kletziuskv, 
may probably depend, in part at least, upon the fact, as late investi- 
gations indicate, that other bodies, some of wliich are constantly and 
some occasionally present in the urine, are, like urea, precipitated by 
nitrate of mercury. Thus, besides the compounds of ammoma and 
allaiitoine, which have been already described, we have creatinine, 
leucine, and tyrosine. The presence of these compounds interferes 
with the exact determination of the urea by Liebig's method, Tlie 
quantity of them in the urine is, however, for the most part com- 
paratively small, at least in healthy urine, seldom exceeding a few 
grammes in the 24 hours. 

What indications are to be drawn from an increase or diminution 
of tlie quantity of urea in the urine ? 

The normal quantity of urea in the urine naturally forms the 
basis of our calculations on this subject. Numerous investigations, 
made by different observers, show, that a well-fed healthy adult man, 
passes on an average from 30 to 40 grammes of urea in the 24 
hours, and from 1*25 to 1*66 gramme in one hour. 
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^Hias, we find, calculating according to the weight of the body, 
on the average in 24 hours from 0"37 to 0-60 gramme, and in one 
• from 0'015 to 0-035 gramme of urea are passed for each 
ime of the body's weight. 
lie absolute quantity of urea passed by womeu, and of course 
9 hy children, is somewhat less than by men. But, on the other 
id, the relative quantity passed by chiUlren, in relation to the 
ight of the body, is greater than in adults. According to the 
emrchea of Llde (Wiener, Medi:. Wodtengc&r. 1859, 7 to 9), 
ildren pass in the 24 hours for each kilogramme of their weighs, 
follows : — 
Children from 3 to 6 rears of age, about. 1,0 gramme of ureo. 
„ 8„U" „ „ 08 

„ 13„16 ,. „ 0-4 t» 0-6 

llUB quantity naturally varies somewhat in difi'erent persons, and in 
e person at different times, according to the bodily constitution, 
of diet, and activity of tiie nutritive functions of the iudivi- 
il. Moreover, these numbers do not include the maximum and 
fammnm quantities of urea which occur in certain cases in perfectly 
Kealthy |>ersons. 

- The nature of the food has a very marked influence over the 
itity of urea which is escreted. More urea is passed under a 
ily animal than under a mixed diet ; and more under a mixed 
a vegetable diet. Under obstinence from food, the smallest 
jIHUitity is passed. 
The observations of 0, v. Franque {Treatise on the excretion of 
['Urea in Man. Inaugural Dissertation. Inang, Abhiilg. Wiirzbui^, 
ilJBSS) give us a very good idea of the degree of influence thus exer- 
ivued over the excretion of uiea. The quantity of urea passed by 
tlnm in 24 hours. 



Under a purely animal diet, wa; 
„ mixed diet 
„ vegetable diet 
„ non- nitrogenous diet 



from 51 to 92 grammes 
SO to 38 

24 to 28 
16 



The chief indications obtained from the quantitalive determination 
of tJic urea in the urine, depends upon the fad : tliat the amount of 
nrea i* an approximative measure of the degree of metamorphoses 
I of the proteine compounds going on in the body. Thereby we learn 
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Moniing. 


Afternoon. 


Ill M. . . 


. 1-7 . 


. . 1-58 


In J., 1852 


. 1-68 . 


• . 1-71 


In J., 1853 


. 2-12 . 


. . 1-82 
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The following examples are given as illustrations of the statements 
above given : — 

A. In Health. 

A large number of calculations made according to Liebig's 
method — no corrections being made for the chloride of sodium— gave 
the following as the quantity of urea found in the urine of strong 
healthy men on full diet : — 

grammes. 

1 In H. the mean quantity of urea passed per hour was 2*13 I 

2 In M 1-47 ' 

8 In J . 1st series of experiments "1,^. 

in the Summer of 1852 J 
4 In the same person 2nd series of experiments'^ 

in October, 1853 . . J 

The numbers given under 2, 3, and 4, are the mean of a large 
number, upwards of a hundred, of observations; consequently, 
they represent pretty accurately the mean production of urea in the 
individuals above referred to. They are, however, all of them 
somewhat too high, probably about 10 per cent., in consequence 
of the chloride of sodium not having been precipitated from the 
urine. 

Most of the above observations also serve, singly, to indicate the 
amount of urea produced at different periods of the day. The hourly 
production of urea was as follows : 

Night. 
. . 1-2 
. . 1-61 
. . 1-74. 

IVom these figures it would appear, that the quantitv of urea 
produced at different periods of the day does not vary much. During 
the night it was invariably less than during the day : observations 
also, made on the same individual at different periods of the year— 
as in J., in the Summer of 1852, and in October, 1853, — give 
nearly similar results. 

To show the amount of variation in the quantity of urine passed 
in health from hour to hour, I will give the maximum and minimum 
of the hourly evacuation of urea in each of the above experiments:— 
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I a diminished diet, the quantity of urea becomes less than 

convalescence, the quautitj of urea gradually again be- 
nonnid. 

is the usual state of the area as observed in these cases ; but 

'course it may be variously modiSed by individual circumstances. 

In intermittent fevers the excretion of urea is markedly in- 

bteased during the accession of the fever. The increase occura 

before the occurrence of the cold stage — an important fact in the 

istorr of fevers. 

Tbe quantity of urea is usually less than normal in most chronic 
■eases, which are accompanied with a diminution of the tissue- 
ADgcs, or of the nutrition. During intercurrent exacerbations of 
rer, hectic fever, &c., it is increased. 

^e quantity is reduced to the lowest, when dimiuiahed nutri- 
}n is conjoined with diminished action of the kidneys ; under such 
ream stances, and towards the fatal conclusion of many chronic 
leases, the quantity is often very small, not more than from 
to 6 grammes per day. 

The quantity, again, is often much diminiahed in dropsical states 
' the body, a portion of the urea being dissolved in the dropsical 
lid, and so retained in the body. "When, however, in cases of this 
md the secretion of the urine is much increa«;d, either sponta- 
jusly or tlirough the action of diuretics, the urea will for a time 
separated in large quantities. The amount of the urea, under 
ih circumstances, is much greater than the normal quauiity which 
^nld be passed during that time ; the excess of the excretion over 
B production of urea depending upon the amount of it, which has 
en retained in (he body. 

If, for a length of time together, much less urea is separated with 
be urine, than what may be considered the normal quantity, there 
reason to fear that uriemia may result from the retention of urea 
id its decomposition within the body. 

When urine contains a large amount of carbonate of ammonia, 
suUiug from the decomposition of urea, there will naturally be 
imporstively less urea than normal in it ; consequently, the quan- 
ity of urea found in urine which is very aramoniacal, is no true 
of the quantity actually produced. The proceeding, which 
it be followed, in such case, in order to determine the quanlit.y 
n», is given at p. 1S8. 



I 



I 



386 QUANTITATIVE ANALYSIS 

suggestion and with the assistance of my honoured friend. A c 
study of the relation of urea-secretion with particular diseases n 
lead us too far^ and belongs indeed to special pathology. Those 
wish to pursue the subject further, will find it fully treated ii 
following works: — Alfr. Vogel (Henle und Pfeufer's Zeitschr., 
iv., 8)— S. Moos (Do. vii. 8) — W Brattier, £in Beiirag 
Urologie. (A Treatise on Urology.) Munchen, 1858. These 
works treat of secretion of urea in different diseases. W. Miiller, 
Harfutoffabsanderufig, 8fc., nock operativen Eingriffen (On the S 
tion of the Urea, &c.) Wi%9. MiUheiL d. Erlang. Phf%. . 
Soe., 1858, Heft 1. — B. Sander, HarMtoffatuicheidung bei pat 
Blodsinn. (On the Secretion of Urea in Paralysis, &c.) Vircl 
Arekiv., 1858, p. 160— P. S. Wameke Hamstoffauuckeubtn 
Typhoidjieber (The Secretion of Urea in Typhoid Fever, BM 
LaegeTy xii. p. 880. The Secretion of Urea in Intermittent Fe^ 
Traube und Jochmann, BeuUche Klinii, 1855, No. 46 — Si 
Binger, Med.-Chir. Trans., 1859, p. 860. The Secretion of 
in Cholera, Fr. Lehmaun, Inaug. Diss. Zurich, 1857. 



section cxvii. 

Uric Acid. 

H. Eanke. — Beob. und Versuche uber die Ausscheidung der H 
sdure beim Menscken, &c. Munich, 1858. (Observations 
Researches concerning the Secretion of Uric Acid in Man, &c 

B. J. Stokvis. — Bijdragen tot dtr physiolog. van het acid vrii 
Ned, Tjidschr., 1859. Schmidt^s Jahrb, Vol. 109, p. 3. (Tr« 

on the Physiology of Uric Acid.) 

• 

The quantitative analysis of uric acid is to be conducted after 
method described in Section lxviii. In all cases in which 
urine contains sediment of uric acid or of the urates — and it i 
these cases that the determination of the quantity of uric acid is i 
important — we must employ the whole of the 24 hours' urine 
the purpose ; or, if the sediment should not be wholly dissolved i 
we must filter the urine, collect the deposit left on the filter, and 
it to the urates dissolved in the urine, and from both these toge 
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kolate the qnantity of uric acid. This proceeding is, however, 
liotLS and troublesome, and will therefore be seldom resorted to 
the physician, who is generally able to guess with sufBcieut 
mracy the abnormal (nianlity of uric acid from the amount of 
liiDCDt of uric acid, or of urates, which is present in the urine. It 
ai^ however, be remembered that we cannot in all cases conclude 
m the presence of uric acid sediment in the urine, that more uric 
A than normal is passed with the urine in a given time (see 

" m xcviii.). 

"When we have determined the quantity of uric acid in the urine, 
I hare next to learn whether the quantity obtained is normal, or is 
eater or less than normal. For this purpose, it is necessary to 
KJW, what is the mean quantity of uric acid passed daily or hourly 
' be«1thy persons. On this subject trustworthy data have been 
nil us by Lehmann, Neubauer, and especially by Banke. 
Aooording to tlie^e observers, the average quantity of uric acid 
in the 24 hours by adults (male as well as female) is from 
3 to 0-8 gramme. This mean quantity, however, differs consider- 
ilr in different persons. And even in the same persons at 
Herent times, greater or less, and sometimes very considerable, 
iriations occur. 

The natnre of the food appears to exercise the chief influence over 
le excretion of uric acid, Duringfastingthequantity of uric acid is 
reatly diminished ; it rapidly increases after eating, and indeed 
most as ranch after taking non-nitrogenous, as after animal, food. 
fewike.— Dr. fioberta.) 

I In comparing the quantity of uric acid with the quantity of urea, 
re find considerable variations, from 1 to 28 up to from 1 to 80 
pamme. 

, Lehmann passed on an average 1'18 gramme of uric acid in ti 
lours ; but be remarks that this is an abnormal quantity. 

According to Becquerel the mean quantity is from about 0-49 to 
^56 gramme per day. 

r Meubauer, who made a great number of observations on two 
Ithy persons, found in the one an average of 028 gramme, the 
being 0'61, and the minimum 0-02 gramme; and in Ihe 
lUier an average of 0'49, a maximum of 0'67, and a miniiimm of 
33 for the a hours. 

Bankc, who has made numerous investigations into this subject, 
id also many observations in his own person, finds that the average 

ct2 
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(junatity of nric acid passed by Lim in 24 hou 
mean 0*643 ; the madmuoi 0*375 gramme; U 
other pcreom, 0-326 — 11654 — 0-658 — i 
In U'o women, the quantity was in one 0*4! 
0429 ; and in the other 0-458 to 0-565. 

Bouke found the excretion of uric acid incre 
of intermittent fever. He also found that i 
patient suffering from leuktemia, that it was so 
dinhetcs mellitii5, and always markedly so in cb 
out by Dr. Garrod and Neubaiier). Accord) 
uric acid is in such case acGumnlated in iht 
found the excretion diminished by the ingest 
sulphate of quinine. 

The causes of, and the indications to be der 
or diminution of the uric acid in the urine, u 
potlietical. Uric arid, like urea, is a product 
fact, of the transformntiona of its nitrogenoB 
so far the increase or diminution of nric and 
the same signiScation, via., an increase or din 
morphotic processes of the nitrogenous elemei 
acid, however, stands one step higher than 
retrograde chemical metamorphoses J for urea 
uric acid by oxidation. Hence, indeed, uric a 
ns imperfectly oxidised urea) ami it has hi 
increase of the uric acid invariably t&kes plact 
urea whenever, tlirough imperfect supply of M 
nitrogenous elements of the body are not dulj 
quently in all diseases in which the respirator 
This view, however, does not square with th< 
quantity of uric acid exists in the urine of the 
Moreover, we find in those diseases iu which a 
acid is most constantly observed — in the « 
diseases — that the urea is always increased as 
We may, indeed, be sure that uric acid is 
merely imperfectly formed urea; but we must 
vcstigations to explain its actual mode of fo 
signification. 

We have already spoken of the indication a 
tion of uric acid a^ sediment within the body [ 
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Free Acids. 

Btluhw. — De^Acidorum gvmplor, vi in U-rinas acurem. Dim. 
Jnauff., Doqtat, 1854. 
Ch. LBHMA.NN. — Biif. far Laeger, vo!. xiii. p. IS, ScAwidi't 
Jakr. vul. 108, p. 148. 

K. Wm. Roberts. — A Contribution to Urology, embracing Observa- 
tioiis on tbe Diurnal Variations in the Acidity of Urine, chiefly 
in relation to Food. 1859. 

ITie quantitative determination of the free acids in the urine is 
ladil; and quickly effected by the method given in Section Lsm. 
BBch cnsCj however, the aiinlysis must be made as soon aa possi- 
after the evacuation of the urine ; for the quantity of its acids is 
■dily altered, under the influence of the acid or the alkaline fer- 
EStations. 

Nomerous observations, which have been made, partly by myself 
Bd partly under my superintendence, show that a man in health 
on an average between 2 and 4 grammes of acids in a day, and 
boat O'lO to 020 gramme per hour, calculated as oxalic acid, 
lie hourly quantity varies much accoriling to the period of the day. 
b a series of esperiinenta made on four different persons, tbe qnan- 
hsAj was found to be greatest during the night, least in the forenoon, 
and betweeu these extremes in the aftemooa 

The mean hourly quantity in an individual on whom the greatest 
■JBUmberofobscrvationswere made, was in the night, 0'19; forenoon, 
O-lSj afternoon, 0-15 gramme. 

Tbe quantity of acids in the urine ia undoubtedly diminished by 
' tile taking of caustic alkalies, carbonates, or of organic alkaline salts ; 
in fact, the acids will entirely disappear if large quantities of these 
:M]ta be taken, the urine becoming alkaline, just as it does in the 
■ ibrmation of carbonate of ammonia by decomposition of urea. 

On the other hand, the acidity of tiic urine ia increased by taking 

iral acids. 

Example. — In a young man who had taken large quantities of 
Iplutric and hyilroehloric acids for a long time on account of severe 
loptysia, the average dnily quantity of acid in the urine (aa a 
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mean of six days) was 4*4<, and on one occasion reached to 7*5 
grammes. 

The numerous and careful observations made by Dr. W. Bobots 
confirm the statement of Dr.Bence Jones (see Sect.ULXxvu.)^ ra.,^ 
for a certain time — from one to three hours — after meals^ the excre- 
tion of acids with the urine is diminished^ both absolutely and also 
in relation to the solid constituents of the urine. Not unfrequently, 
indeed^ the urine at this period becomes for a time even alkaline. 
In this respect animal and vegetable food has a similar action. Dr. 
Aoberts ascribes the effect thus produced not so much to the seoe- 
tion of the gastric acid juices (as Dr. B. Jones does) as to the pas- 
sage of the alkaline salts of the food into the blood. 

The amount of the acids in the urine, however, depends in all pro- 
bability, not only on the quantity of acids taken, but abo upon die 
tissue-metamorphoses going on in the body, as has been stated in 
Section lxxxvu. ; but the mode of their formation has not yet been 
clearly shown. 

Numerous calculations made concerning the quantity of acid in 
the urine of the sick show, that in most diseases, acute as well as 
chronic, the acid is diminished, and rarely ever increased, excepting in 
those cases in which large quantities of mineral acids have been taken. 
We find, however, that during the acute stages of febrile disease.*, 
and particularly in pneumonia and acute rheumatism, &c., the per- 
centage of acids in the urine is frequently increased, so that in fact I 
the urine appears to be more acid than it is in health ; but this I 
manifestly depends upon the diminished quantity of the urine, and it5 
consequent concentration. The diminution of the acids in the urine 
of the sick undoubtedly depends, for the most part, upon the 
diminished ingestion of food. No more special conclusions can be 
derived from observations hitherto made on this subject. 
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In a case of pneumonia, the quantity of acid gradually increased j 
from 0' to 1*50. The mean of eight days was 0*5 gramme. \ 

In another case of pneumonia, which ended fatally, the dailv 
quantity varied from 0*9 to 3*0. The average of four days was I 
1*9 gramme. 

In a case of gastric fever the quantity varied between 0*6 and 1*6. 
The mean of four days was 1*1 gramme. 
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III a case of acnte rheumatiara, tlie quantity during several days 
18 0'7 nnd 1 grammp. 

In a caw of chronic bronchial catarrh the quantity varied during 
days between 0' and 0-8, the mean being 0-5 gramme. 

/» ffWefl. 
In a ^rl, who had scrophulous glandular swellings, the quantity 
IS 1'8 to 21, The mean of four days 20 grammes. 
In a woman, 30 years old, suffering from spinal irritation, 0' to 
5, Hean of five days 0"4 gramme. 

In a woman, 70 years old, suffering from ascites and liver disease, 
to 3*1, Mean of eighteen days 1'4I gramme. 



SRCTION cxix. 



Nbubadee. — Joum./. prait. CHemie, ii, p. 177 and 278. 
\ Hei»TZ U. H. Baubbkger. Wiirzhurg, Medic. WocheKtchrift, 
rol. ii. parts 2 and 3. 

Tbe methods for determining the quantity of ammonia in the urine 

ire been already described in Sections lxxii. and Lxxiii. 

It appears from the researches of Bouasaingault, Heintz, and 

[eabauer that human urine always contiuns a small quantity of 
imonia. From many experiments made by Neubauer on different 

idinduals, the average quantity passed by hcolthy adult males in 
^ hoars was found to be about 0'7 gramme; the quantity may, 
iwever, be as small as 0-3, and as high as 1 gramme. 
So few experiments have yet beea made on this subject, and espe- 
lUj on the urine of the sick, that it is impossible for us to say 

ith any certiinty what indication the increase or dimiiiulion of 
imonia in the urine offers to the physician. 'ITie following con- 
lentions, however, may serve as hints for assisting iu the further 

ivestigalioa of the subject. 

The ammonia found in the urine is evidently derived from two 
c; (liferent sources. 
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1. It ifl derived from the food and drink and from the air, wludi 
contains more or less of it. The quantity of anunonia, howem, 
taken into the system in this way is generally small, and coi»eqaeniIj 
the quantity excreted with the urine is, as a rule, in«ijpiifioii^ 
a little more than ^ gramme in 24 hours. 

Under certain conditions, an abnormally large quantity of ammo- 
nia may be taken into the system by healthy persons, for exam[de, 
when sitting in an atmosphere filled with tobacco-smoke, and bj tak- 
ing food which contains much ammonia, as horse-raddish, &c. Intk 
sick, the ammonia may be introduced into the body as medicine in 
the form of carbonate and chloride of ammonium, &c. Neubauer his 
shown, that the greatest part of the sal-ammoniac which is thitf 
taken into the body is evacuated with the urine. In all cases in 
which it is found that the daily amount of ammonia passed wiih 
the urine exceeds 1 gramme, the physician should ascertain on 
which of these causes the excess depends. 

2. Ammonia may, undoubtedly, be also formed within the bodj, 
as the result of pathological changes. We know, that urea may be 
decomposed into carbonate of ammonia; and the idea at present 
held of the nature of ursemia is founded on this fact ; the iheorf 
beings that the urea retained in the blood is converted within the bodj 
into carbonate of ammonia. All nitrogenous animal compounds, and 
particularly the blood and so-called extractive matters, readily give 
off ammonia out of the body, when only slightly decomposed; hence, 
we may conclude, that in pathological processes attended with the 
formation of putrid, septic, &c., matters, the development of ammonia 
has already taken place within the body. In such cases, the proof of 
an increased separation of ammonia from the body with the urine, is of 
much value in diagnosis. The ammonia, it is true, may be sepa- 
rated through the intestines and the lungs, as well as with the urine, 
but, with our present means of analysis, its quantitative determina- 
tion is most readily and safely effected in the urine. 

Great care, however, is required in these investigations, for under 
the conditions referred to, the urea in the urine readily passes into 
a state of decomposition (which, as Neubauer has shown, does not 
happen in normal urine) . Consequently it becomes very difScult in 
such cases to determine how much of the ammonia found in the 
urine was originally present in it when secreted, and how nmch has 
been formed by subsequent decomposition, either within the bladder, 
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I or oiler the evarantion of the urine. In cases of this kind, to 
■void the chance of error as far as possiblcj I would advise : 

1, That the urine should h>e examined as soon aa possible after 

■ secretion from the kidneys ; for which purpose the uriue in the 

tdaddcT should be drawn off with a catheter, and the catheter left in 

I tiie bladder, and the urine then collected for investigation, as it 

L dcops from the catheter. 

8. The nriue thus collected should then be freed from its coiour- 
I jng- &nd extractive-matters, mucus, &c., by the addition of acetate 
i basic acetate of lead (after the manner described in Sect, txxii.) 
n order to prevent any further decomposition of it. 



BBcnoN cxx. 
CHLOuniE iHD Cblobide of Sodiuu. 

ALrB.HsGiB. — Ueberdie Autscheidung dtr Chhrverbtndungen durcA 
dm Sarn. Gieisex., 1862. (On the Excretion of Chlorine-com- 
pounds with the Urine), 

F. HowiTZ, — HospilaU MedJfleher ; andere Roekke, vol. i. p. 64, 
Schmi-W* Jahrh., vol. 95. p, 2S2. 

£. Ph. Hinselbein. — Veber den JJebergang det Ckiornatrinmt 
m den Ham. haug. Diss. Marburg, 1859. (Ou the Pas-wge of 
Chloride of Sodium into the Urine). 



The methods tu be followed for the quantitative determination of 
the chlorine and chloride of sodium in the urine, will be found 
described in Section Lviii,, and in the Analytical Examples, p. 268. 

The method proposed by Liebig for the (juantitative determination 
of the chloride of sodium, by means of nitrate of mercury (Sect. 
LVIII. 1.) is very convenient, and may be performed in a few 
tninntea. In cases, in which urine treated with baryta yields, 
after filtration, a perfectly clear fluid, very accurate results 
may be obtained. Not unfreqnently, however, the moment, al 
which permanent clouding of the urine occura on the addition of the 
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mercury solution^ cannot be exactly hit ; and in cases of this kind, 
when the urine under investigation contains very little chloride o{ 
sodium^ a considerable degree of error — as great as from SO to 50 
per cent — may attend the calculation. The physician, hower^, 
should always make use of Liebig's method, even in such cases, for 
the approximative calculation of the chloride of sodium in the urine 
usually adopted may yield errors equal to 100 per cent. The maie 
complicated method of determim'ng the quantity of chloride of so- 
dium by means of a graduated solution of nitrate of silver (see 
Sect. LViu. II.) need only be employed when very great accuracy m 
required. 

The method of calculating the amount of chlorine in the ashes of 
the urine, gives very unsatisfactory results, for a considerable quan- 
tity of the chlorine is usually dissipated during the process of indner^ 
tion. Consequently all the calculations formerly made by this 
process are untrustworthy and useless. It is quite immaterial, 
whether the result obtained is reckoned from the chlorine or from 
the chloride of sodium ; although in many cases it is certain, that 
the whole of the chlorine contained in the urine is not combihed 
with sodium. Care, however, should be taken not to compare tables 
of figures which indicate chlorine with those which indicate chloride 
of sodium ; this lias happened occasionally, and led to confusion j 
some writers giving their calculations in chlorine and others in 
chloride of sodium (Na CI). 

In order to judge whether there is any abnormal increase or dimi- 
nution in the quantity of cfilorine secreted with the urine, it is 
necessary that we should know what is the mean daily quantity of 
chlorine evacuated in health. Hegar has made a series of veir 
careful observations on the daily and hourly secretion of chlorine 
with the urine in seven healthy young men. The average daily quantity 
of chlorine was different in each one, and varied between 7 '4 and 
13*9 grammes. The mean quantity of chlorine daily passed with 
the urine of a grown-up man, was about 10 grammes (= 16'5 
grammes, Na CI), and hourly about 0'44 gramme (= 0*73, Na 
CI). These figures are probably somewhat too high, for the per- 
sons upon whom the experiments were made were most of them 
students, accustomed to a full diet and highly-salted food, and who 
drank freely. A somewhat lower figure would be more correct in 
the case of most healthy adults, about 6 to 8 grammes of chlorine 
( = 10 to 13 grammes, Na CI) daily, and 0*25 to 0*33 gramme 
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.of chlorine ( = 0'41 to 0-54 gramme, Na CI) hourly. In the 

of woineu and children the quantity of chlorine is still less, 
fitschoff found the mean diiily quantity of chlorine, secreted with 
iihe urine in o well-fed adult man, to be 8'7 ; in a woman, 43 years 
of age, 5'5 ; in a girl of 18, 4'5 ; in a boy of 18 years, 5'3 ; and in 
* boj of three years, 0'8 grammes. Becquerel found, in the aslies 
oi a day's urine of a healthy [lerson, only 0-66 gramme of chlorine, 
m result, like all results obtained by incineration, which is value- 
icas. 

' Great variations in the daily and hourly quantity of chlorine thus 
aepatoted from the buity, occur not only in different individuals, but 
■mbo in the same individual when in health. These variations follow 
« distinct law. In this country, the maximum quantity of chlorine 
is, in health, secreted during the afternoon, the minimum during the 
' night. 

IHegar found the mean quantity of chlorine secreted hourly in 
e^ht persons was : in the afternoon, 0'57 ; in the night, 0'28 ; and 
\ in the forenoon, O'iS gramme. He also observetl that variations 
( Mm 0"2U to 1"32 gramme occurred in the quantity hourly secreted 
, by the same persons, so that, in fact, the hourly maximum exceeded 
I the minimum as much as even six times. 

The following may be received as the correct answer to the 
I queation: What is the cause of the increase or diminution of 
I Uie chlorine in persons in health P 

1. The chief sonrce of Ibe chlorine in the urine is undoubtedly 
the salt which is taken with the food ; consequently, the quantity 
met with in the urine is chiefly regulated by the quantity of salt 
i tbaa ingested. Persons, who take large quantities of salt food, secrete 
I a large average quantity of chlorine ; and the temporary increased 
I iDgesttou of chlorine- compounds is usually followed by au increased 
V Becretion of chlorine. 

The greatest hourly average quantity of chlorine was passed by 

the individuals referred to in the above experiments during the 

' ^tcrnoon and evening; and the reason of this is no doubt to bi^ 

ascribed to the fact, that they took the largest quantity of salt with 

their chief meal at the middle of the day, a portion of the salt being 

I nepttrated from the body very soon after its entrance into the blood. 

I Direct ex)>eriments also show, that the increased ingestion of 

I ofaloiiae increases the secretion of chlorine with the urine, and vice 

I vend. 
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Examples. — H. drank in the evening four glasses of water. The 
boorljr average secretion of chloriDe, which in hira was only 0.18 
during the night, rose in the first hours to 0-60, then fell to 0-12, 
imd, later still, to O'lO gramme; — in the monung it again rose to 
0*51, without any food or drink haring been taken, under the in- 
doencc of increased nutritive changes caused by riding. 

H. T, drank four glasses of water in the afternoon. The hourly 
avemgo secretion of chlorine during the evening was 189, and 
ftEaount«d during the night to 0-57 (instead of 0'38 gramme]. 
In the morning, two more glasses of water were taken; but the 
qnantity of chlorine remained less than normal (0'4S} during the 
vbole day: during the night, indeed, it fell to 0*014; — iu the 
morning it again rose somewhat (to 0'22), then fell ^ain (to 0*18 
gnmrne), notwithstanding that bread and butter had been taken 
with a considerable quantity of salt. 

These facts show clearly that the amount of chlorine secreted does 
not depend solely upon the quantity of chlorine ingested, but that it 
is iBfiuenced by other causes, and especially by those which increase 
or'diminish the action of the kidneys, and, consequently, the quantity 
of urine and the amount of urea. It is, however, very difficult to 
calculate accurately the amount of influence tlius exercised over the 
aeeretion of the chlorine, and especially iu any particular case. In 
attempting this, we must either supply the individual experimented 
on with food perfectly free from chlorine — whereby, indeed, it must 
be admitted that the correctness and utility of the results must be 
much disturbed ; or the observer must take the trouble of accu- 
rately measuring the amount of chlorine contained in the food 
taken during the time of the experiment, as was done by Barral in 
some of his eicellent observations.* 

We will now consider the secretion of cldorine in disease. On 
Ibis point 1 have myself made a considerable number of experi- 
ments, and have had experiments made by others. The results 
obtained are as follows : — 

1. In all acute febrile diseases the secretion of chlorine with the 
urine rapidly diminishes, the quantity sinking to a mmimum, so as 
sometimes to form scarcely one hundredth of its normal standard. 
The quantity increases as the disease passes away, and during con- 
valescence is occasionally greater than normal. Its curve runs, 

* J. k. Barral. Stbtique chimitjae del uiiiuDUi, appliiju£e speoialment i 
la quMtioo dn leL Paris, 1S50. 
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for the most part, parallel with that of the quantity of mine, nsoallT 
in an inverse sense, like the cnrve of the specific gravity and coloonng- 
matter of the urine, which is generally opposed to that of the uwa 
at first, but frequently becomes parallel during convalescence. 

Examples, The chlorine rapidly diminished in a man suffering 
from acute pleuro-pneumonia ; — it amounted to 0*6 daily three 
days after the commencement of the attack ; the next day to 0*3 
gramme, and on the next almost reached ; — ^from this point it con- 
tinually increased ; and, with tolerable regularity, as the disease 
passed away, and the appetite returned, until it reached the normal 
standard (0-4— I'S— 2-6— 5-5— 9-0). At this point the carve 
became irregular, and occasionally exceeded the normal (10"7 — 18'6 
—9-7— 11-9— 15-9— 10-8). 

In a case of typhus the chlorine rapidly fell to a minimum, and 
remained several days at 0. It then gradually rose, as the disease 
passed away, but with variations, until it reached the normal 
standard. 

In a woman suffering from acute rheumatism and pericarditis, 
the chlorine fell, during the height of the fever, to 1*0, and then 
gradually rose during convalescence, to 6 '3 grammes. 

In a young man suffering from severe febrile bronchial catarrh, 
it rapidly fell to 0*8, and then, within five days, rose to 10*6 
grammes. 

In an old man, also suffering from febrile bronchial catarrh, it 
fell to 1*1, and then, during convalescence, under the influence of 
good living, attained the enormous height of 20*5 grammes. 

In a man attacked with exudative pleurisy, scarcely a trace of it 
was to be found in the urine : it then returned, and rose, with va- 
riations, without, however, reaching any high number (3*0 — 3*2 — 
4.8_l-6— 4-0— 4-5— 4-9— 4-6). 

The cause of this great diminution of the secretion of chlorine 
in all acute febrile diseases depends chiefly upon the loss of the ap- 
petite, and the saltless nature of the diet of the patients. In ad- 
dition to this, there are also, occasionally, abstractions of chlorine 
from the blood, as in serous diarrhoea, exudations, &c. Under all 
these conditions, the clilorine of the blood is manifestly dimi- 
nished ; and, as we see happens in health, any excess of chlorine in 
the blood is separated by the kidneys, it becomes plain enough why 
the chlorine of the urine should be diminished. The excretion 
of chlorine is also, to a certain extent, dependent upon the quantity 
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arine; and aa in all acute febrile diseases the quaotity of the 
ine is considerably lessened, we must suppose that the diminished 
Uuititj of chlorine in such cases is in some way connected with the 
mmished quantity of urine. 

Since the above conclusions, based on my own numerous obser- 
tiobs respecting the secretion of chlorine with the urine in disease, 
ire been publishedj many other memoirs have appeare<l on the 
llject : for example, those already referred to, by A. Vogel, Moos, 
id Brattier, on the subject of urea, which also speak of the excretion 

chlorine. They confirm, in nil main points, the conclusions above 
pen ; showing, in particular, that it is not in any particular disease, 

in pneumonia for example, that the diminution of chlorine in 
B nrine is observed, but in entire classes of diseases. They also 
Bw that the diminution or disappearance of chlorine- com pounds 

the urine cannot be employed for the purposes of differential 
Bgnosis, as some would have it : as, for instance, in pneumonia. 
J observations have also been confirmed by those of Howitz, and 
, Hoppc {Dentache Klin'd; 1858, No. 52) in reference to the fact 
lat this diminution of the chlorine de|jend3 especially upon dimi- 
shed ingestion of chlorine (the other above-mentioned causes being, 
f course, also taken into consideration). 

An exception to the law, which holds good in ail other acute 
leases, occurs in the case of intermittent fevers. During the 
irozysms of these fevers, and sometimes for a short time after 
an, but more rarely before their occurrence, the secretion of the 
lorine is usually increased, and in some cases to a very great 
[gree. 

£rampie», — W. K. was attacked with s tertian fever, A short 
ne before the attack, the hourly quantity of chloride of sodium 
ucuated with the urine was 0-07 ; during the attack it rose to 0-62 
;me, then fell to U'30, and, during the interval, to 0'17 gramme. 
nring the subsequent attack, the quantity again rose to 0-93, and 
irtng the interval again fell to O'Ul gramme. 
A. S. suffered from tertian fever. The hourly quantity of 
loride of sodium, before the attack, was 0'05; — during the 
lack it was increased to 2'5 ( ! ) ; afterwards fell to 0'12 gramme, 
td gradually rose to the normal standard, when the fever ceased, 
A. C. had tertian fever. The hourly quantity of chloride of 
idium secreled ahortly before the attack was 0'42, during the attack 
I'SO, and then fell to O'lB gramme. It again increased towards 



402 QUANTITATIVE ANALYSIS 

grammes, indidates diabetes insipidus, provided the quantity of 
chlorine ingested has not been especially increased by food or medi- 
cine. Its increase is a favonrable sign only in cases of hydremit 
and dropsy. By observation of the other constituents of the urine, we 
are often able to confirm or to modify the conclusions which hare 
been arrived at by the observation of the quantity of chlorine. 



SECTION cxxi. 

SuLPHXJBic Acid. 

G. G&uNER.-^i)i^ Auucheidung der SchwefeUdure durek den Han* 
Giessen, 1852. (The Excretion of Sulphuric Acid with the j 
Urine.) 

Wald. Claee. — Experimenta de excretiane acidi Su^urici per 
Urinam, Dorpat^ 1.854i. (Experiment's concerning the Excr^on 
of Sulphuric Acid with the Urine.) 

P. Sick. — Fers, uber die Abhangigkeit den SckwefehduregehalU det 
Urines von der Schwefelednrezufichr. Inaug. Abdhl. Tiibingen, 
1859. (Researches concerning the dependence of the Sulphuric 
Acid in the Uriue upon the Sulphuric Acid ingested.) 

The methods employed for the determination of sulphuric acid in 
urine have been described in Sect. lxiv. Both the methods, by 
weighing and by volumetrical analysis, when carefully conducted 
yield satisfactory results. The volumetrical process, withont boiling, 
which is generally inconvenient to the physician, is the most rapidly 
performed ; the result, however, is not very accurate, for error even to 
10 per cent, may occur in its use. An approximative analysis may be 
more rapidly carried out, and although it is far from giving an 
accurate estimation of the quantity of sulphuric acid in the urine, 
generally suffices for the physician's purposes; it shows merely 
whether the sulphuric acid exceeds or is less than a certain quantity. 
An example will show the principle and the mode of carrying it 
into practice. 

We will suppose, that the physician wishes to know whether the 
quantity of sulphuric acid separated with the urine of a sick person 
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in 21 lionre, without any addition whatever to the quantity of chlorine 
telten into the body, lliat which, in the &rst class of cases, in diabetes, 
teoils to the injury of the body by the abstraction of its necessary 
BOnstituents, acts in the last case, in dropsy, as a ciire, by removing 
-de superabundaut matters. A certain quantity of chloride of sodium 
Jippears to be absolutely requisite for the production of many of 
tile secretions, for the purjKises of assimilation, the secretion of the 
gaatric juice, of the bi!e, and for the formation of many of the 
ipeciaily of the cartilages? — and, on the other hand, &n 
of chloride of sodium in the body may act hurtfully, and in 
psrtionlar, by interfereace with the blood- formation and destruction 
of the albumen.* 

Tbe quantitative analysis of the chlorine of the urine offers, in 
tiie present slate of our knowledge, the following points for con- 
adention : — 

In all acute dUetues, a constant diminution of the chlorine indicates 
■o increment of the disease, and a gradual increase of the chlorine 
its decline. When the quantity of chlorine reaches a minimum 
figure — less than 0'5 gramme daily — we may conclude that the 
disease is intense, that there is an entire absence of appetite, and 
under certain circumstances that the patient has suffered from copious 
diarrhoea, or serous exudations. The reappearance of the chlorine 
in the orine enables us to form tolerably sure conclusions as to the 
of the appetite and of the digestive powers of the patient. In 
of this kind an approximative calculation of the chlorine usually 
.fuffioes ; and an error of from 50 to 60 per cent, is not of much 
iportwice in those cases in which the secretion of chlorine is very 

A knowledge of the quantity of chlorine in the urine in ckrtmie 
is of importance to the physician, because it affords him in 
most cases a tolerably sure measure of the digestive powers of the 
sack person. The presence of a large quantity of chlorine, 6 to 10 
Iframmes daily, indicates good digestion; a small quantity, under 6 
grammes, indicates weak digestion, provided tliat in such cases large 
ijuaiitities of chlorine are not separated from the body by any other 
means, by watery stools or exudations; and provided also that the 
diet of the patient is not snch that only very little chlorine is ingested. 
A great increase in the secretion of cldorine, above 15 to 20 

• I Ittve more fully exploiood thU laat fcot in Virohow's Bandbvck dw 
l^p«e. Fathol HTuT Thtrap. vol, i- p. 404. 

dd 
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BdenAIy increased by the ingestion of sulphate of soda; in 

^=>Cj3eriiBcnt from 0-049 to 0-122 —0-176 — 0-U5 — 0-220; 

'^'*» another, from O'Oll to 0-13S — 0-122 — 0-164 gramme. 

**<2Trase of the acid was observed ut longer or shorter intervals; 

^*tiier words, the sulphuric acid ingested was secreted from the 

*»» some instances more rapidly than in others. {Gruner,} 

*-"-»rdtiig to Krouse, the sulphuric acid is increased in the urine 

^^ internal use of sulphur; and so also, according to the esperi- 

^* xit Boeckerand Clare, after the administration of large doses of 

^"^tlKt of antimony. 

researches of Sick show, that small doses of sulphate of soda, 

internally, are completely taken up, and afterwards evacuated 

mine, but that when brgc doses are taken, a part only of the salt 

Ox the urine. This is what we should naturally expect 

^^ the purgative action of large doses of sulphate of soda. 

^b. The secretion of sulphuric acid is markedly increased by a full 

diet, Tlib fact may be explained by the supposition, that the 

contained in the proteiue compounds is separated during 

ion, and by oxidation is gradually converted into sulphuric 

in the blood, and then secreted as such with the urine. This in- 

of the acid in the urine sometimes takes place in a few hours, 

the ingestion of meat, and sometimes not until long after, 12 

iS4 hours ; the difference is probably to be ascribed to the digestion, 

ler it is slowly or quickly performed. The secretion of sulphuric 

^'Jdd is diminished by a vegetable diet. 

r Exatnpltn. — A person, who had taken in the evening a full dinner, 

-aoiuUtiitg fhiefiy of meat, passed, between 12 o'clock at night and 9 

%^ tfae morning, 0-50 of sulphuric acid per hour instead of 0-10 ; 

■ad during the following 21 hours the quantity greatly exceeded 

tte normal, being 73 instead of 2*02 grammes. 

Several persons whose excretions 1 examined, constantly passed more 
solphnric acid after tflking meat on the previous evening than when 
tiiejr had token only bread and butter, rice broth, and so forth. 

The M()eriinent8 made by Clare upon himself are very instntc- 
ttve. During 3 days he took only animal food, and passed on the 
flnt day 2*091, on tlie second 5*130, and on the third 3-HQS grammes 
of sulphuric acid. He then took ordinary food during 2 days, and 
puaed thv first day 3592, and on the second 2262 grammes of it. 
Ob the 3 following days, during which he lived upon vegctnbies, the 
acid unountrd, on the lirst day, to 2*262, on the second, to 1*394, 
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i on the third to 1 '022 ; nnd on (be 2 next days, on ordbaiT 
to 1*979 nnil 2'8a0 grainmea. From tbis it oppcjtro, that the is* 
crease of Ihe sulphuric aoiil cnost^d bj ntiimiU food Srst ajipcarrd on 
the second day, bat continued during the firet day of the onhnuj 
diet; and jiist in the same way that the diminutiou of the arid, pro- 
duced by the vegetable diet, first showed itself on the second d»t, 
and also continued during the first day of the ordinary dirt. Hat, 
liowewer, the phenomenon occurred later than in the cases ohsttrved 
by me, probably on account of some individual idiosyncrasy. A sub- 
sequent experiment made by Clare, viz. taking meat and vegetable* 
on alternate days, was, however, without definite rctnlta, 

S. Does the amount of sulphuric acid excreted with the urine in- 
variably and solely depend n|>on the amount ingested, or (as has beu 
already shown in the case of chloride of sodium), is its increase 
or diminution sometimea affected by other circumstjuicc! P Po» 
the body, for instauce, sometimes part with a portion of the sulphnr 
or sulphuric acid, normally belonging to it, so as thereby to 
contain less than its normal amount of these constituents ; or, on thf 
other hand, is a portion of the sulphuric acid ingested retained in 
the body under certain circumstances, rendering the qtiantity nbTior- 
Dially largo ? These questions have not yet been satisfaclorilj 
answered. Gruner and Clare have endeavoured to ascertain, 
experimentally, whether rest or violent exercise influence the secre- 
tion of sulphuric acid ; but their researelifs hove not yielded anj 
saticfacloiy results. Large draughts of water, whicli materially 
increase the secretion of urea and ctdoride of sodiiun, hod no 
marked influence over the secretion of sulphuric acid. We art 
not, however, justified in concluding from these experiments, that the 
secretion of acid is not affected by such influences ; for their pow« 
may be very slight, or, in the experiments referred to, may have been 
counteracted by opposing agencies. The fact obove mentioned, vis., 
that sulphates and the sulphur contained in fieah, when ingrslrd, ur 
secreted more rapidly in some persons than they are in others 
renders it exceedingly probnble, tlint there are other conditions or 
forces inherent in the body itself, which regulate its secrvlion, 
and that these forces are different in different persons, and in the 
same person nt different times. 

Then, again, the well-known fact, that the sulpbatfs takea for i 
long time in doat^s which arc capable of being digested, fure W> j 
^obtedly an enfeebling iufluence, in, in my opiaion, » pnof 
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dcr certaia conditions, a larger quantity of them than normal ma; 

retained in the body. To obtain a satisfactory answer to thege 
it is necessary either to detennine aecuralely the amount 

sulphur or sulphuric acid in the blood and the other parts of the 
idy Oader different conditions, or to determine quantitatively the 

lOQDt of sulplmric acid taken into the body as well as the quantity 
acted. Both requirements are, however^ so di£Gcu5t of fulfilment, 
kt it is probable the questions above proposed will remain long 
isolved. 

I have made several experiments eonoeming the excretion of sul- 
lOric acid in the aick ; but have not as yet obtained any particular 
foita. I found that it was much diminished in most acute febrile 
; the diminution no doubt depending upon the low diet and 
iget«ble food of such patients. 

MroMplea. — A man suiTeriug from buccal diphtheritia, with much 
rer, secreted in 24 hours only 0-5 gramme of sulphuric acid. 

patient with febrile catarrh, 0'U9 and 0'38 gramme. A patient 
ith pleurisy, 0'83 gramme. Ad exception was, how ever, observed 
tliree cases of severe pneumonia ; in these the acid was in part 
ightly diminished, and in part considerably increased. One of 
\vn\, who had been treated with large doses of digitalis, passed 2'4, 

1, 2-9, 5 7, 4-3, 1-8, 1-1, 1-6, and 2-7 grammes. The pneu- 
tonia was rapidly fatal in the other two cases ; in the one, 2'9 and 
"4, and in the other 4'4 grammes were passed on the day the 
atient died. 

A young girl with acute rheumatic fever secreted 0'8 gramme 

len the fever «as at ita height. One with erysipelas of the face, 
■48 gramme. 

In chronic diseases the secretion of sulphuric acid was in many 

les very small, in others somewhat larger, but generally much 
eneath the normal. It is generally less than normal in the dropsi- 
p^, in whom, however, the excretion of chlorine is greatly increased 
uring diuresis. In chronic diseases I found the acid increased only 
fter the use of sulphuric acid or of sulphates, and in diabetic patients 
ving on a rich animal diet. 

Examples. — A patient, with icterus, passed r4; another, with 
icumatism of the neck, I'll; a patient with emphysema of the 
Lngs, 1-2 ; another with ameuorrha;a, 0'5; a girl with fluor albus, 0-7 ; 

patient with habitual menorrhagia, 0'97 to 1*1 gmmme of suU 
baric acid. A dropsical patient, who, when diuresis had be.giui, 
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passed with the urine 83 grammes of chlorine in 24r honis^ secreted 
in the same time only 1*0 gramme of solphnric acid, and on the {al- 
lowing day (during which he passed 28 granmies of chlorine) only 
0*5 gramme of the acid. A patient, who took sulphuric add| 
secreted upwards of 3 grammes in 24 hours ; and a patient suffering 
from diabetes insipidus as much as 5*2 grammes. 

According to Dr. B. Jones, the sulphates are much increased in 
the urine in diseases in which the muscular system is much engaged; 
in chorea, for example; and so also in diseases of the brain, both 
functional and organic — ^in delirium and in inflammation. Heller 
asserts the same as regards inflammatory diseases ; but he states tlut 
the sulphuric acid is diminished in chlorosis, neurosis, and in dironic 
diseases of the kidneys and the spinal marrow. The methods, 
however, followed by both these observers were not of a kind to 
settle this difficult question. Some observations made by Ldmiaim 
and Gruner are not favourable to their views. Observations made 
by myself in those diseases are not numerous enough to yield any 
definite result. The three cases of pneumonia, above mentioned^ 
appear to show distinctly that the sulphuric acid is increased in many 
inflammatory diseases. 

From the present state of our knowledge upon the subject of the 
increase or diminution of the sulphuric acid in the urine, the foUow- 
conclusions may be drawn : — 

1. A considerable diminution of the sulphuric acid indicates that 
the patient has taken very little food, or only vegetables without any 
meat. 

2. An habitually large excretion of sulphuric acid, with an 
excess of urea, indicates a preponderance of animal food. A tem- 
porary increase indicates the ingestion either of sulphur or of sul- 
phuric acid and its salts, or of large quantities of animal food. 

3. We are not justified in considering that the increased secretion 
of sulphuric acid depends upon an abnormal decomposition of tlie 
sulphur-compounds of the body, except in acute febrile diseases, 
during which little or nothing has been taken in the way of food. 
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Phosphoric Acid. 



..Westee. — Beitrdge zvr Kenttim der UrinabsondtTUTu/heiGetUTiden. 

Oiessen, 1852. (Treatise on the Secretion of Uriuein Health.) 

P. MosLEH. — Beitrage zur Kenfnits der Urinabsonderung. Gieaaen, 

1853. {Treatise on the Secretion of Urine.) 
_W. Bbattlek. — Ein Beilrag zur Urologie. Miinchen, 1S58. (A. 
Treatise on Urology.) 

Kbabbe. — TTeber die Menge der Piotpiortaure tm Ham., &e. 
FireAou^i Archie, 1857, vol. li. p. 478. (On the Quantity of 
Phosphoric Acic) contained in the Urine.) 
H. vos Haxthatisen. — Acidum PhospAoricum Urin/r et Excremen- 
tontm. Diss. Inaug. Halle, 1860. (The Phosphoric Acid in 
the Urine and Fffiees.) 

The Tolnmetrical method for determining quantitatively the phos- 
phoric acid in the urine with per-chloridc of iron has been already 
described in Sections lxi. and mi. It unfortunately does not give 
satisfoctory results. Notwithslanding the greatest care, an error to 
the eit«nt of even 10 per cent, may occur, and especially so if the 
unne contains only a very small quantity of phosphoric acid. This 
has been pointed out in the Analytical Examples. But there are 
other sources of error to which the observer is liable, as for instance, 
I that of taking a bine sjieclc of different degrees of intensity as a sign 
' of the saturation, or of allowing some time to elapse, after the addition 
I of the per-chloride of iron solution, before proceeding to the test. 
1 These disturbing causes may render the error in the hands of an un- 
I skilfal investigator as great as 20 or even 30 per cent. This method, 
therefore, is only of service for approximative calculations ; and is 
not adapted for cases where accurate results arc required. Conclu- 
I aioDs derived from observations made according to it are only to be 
■ trasted when the differences obtained exceed 30 per cent. Differences 
I between 16 and 30 per cent, are not worthy of consideration unless 
P after a very large series of observations. 

" The new process with oxide of uranium (see Section Lxi.) is de- 
cidedly preferable, and gives much more accurate results. 

The observations given above, and those which follow, were most 
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fasting ; and that, on the other hand, it was nearly doubled undor t V 
rich nitrogenous diet. 

Schmidt observed, that cats fed on ordinary food, for each kilo- 
gramme of weight passed O'SO gramme of phosphoric acid in 24 hours; 
but that after a long fast they passed only 0"107 gramme of it 

3. It was distinctly proved in the case of dhlorine, and was shovn 
to be very probable in the case of sulphuric acid, that their excredon 
with the urine is influenced by difibrent conditions of the system — 
by the nutritive changes, &c., as well as by the quantity of these 
bodies which have been ingested. Numerous experiments prove that 
the same is undoubtedly true of phosphoric acid. It has beoi 
already shown above, that phosphoric acid taken into the body with 
the food is excreted more or less rapidly in different individuals. It 
appears, from experiments made by myself, that a marked diminution 
of the phosphoric acid (0*085 gramme per hour) may follow a tem- 
porary increase of the excretion (0'216 gramme per hour). The 
secretion of phosphoric acid is usually increased by large draughts of 
water (together with the urea and chlorine), and in a greater propor- 
tion than the quantity contained in the phosphatic salts of the water. 
It is also increased by increased activity of the nutritive functions 
generally, or of the kidneys, or of both together. 

From these facts it is evident, that the quantity of phosphoric acid 
in the body may, under certain conditions, be increased by retention 
of the phosphoric acid ingested, and diminished by increase 
of its secretion. Consequently, a knowledge of these con- 
ditions becomes of the highest importance both to the physiologist 
and the physician. Unfortunately, however, we know nothing 
certain concerning their nature, nothing in fact, except what is 
conjectural. And here, again, in our researches, we meet with the 
same difficulties as those which have been already mentioned, in 
reference to the determination of analogous conditions in the cases of 
chlorine and sulphuric acid. Besides this, it must be remembered, 
that the whole of the phosphatic salts are not secreted with the 
urine, a portion of them being, as a rule, passed with the faeces.* 

* V. Haxthausen has, at my request, made some observations on this 
point. He found, that the quantity of phosphorio acid evacuated with 
the faeces (as obtained from them without incineration, by extraction 
with dilute nitric acid) was as follows in the 24 hours: — Average (of 
seventeen observations) 0*666— Maximum, 1080 — Minimum, 0*270 gramme. 
From which it follows that four or live times more phosphorio acid is 
excreted with the urine than with the feeces. 
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Hence, it becomes necessary : either to determiDe quantitelivdj 
the amount of phosjihatic aalta in individual parts of the body, and 
Blider (iifTercnt condilious — wluch would require a vast number of 
Bxperimenta ; or, to determine accurately both the quantity of phos- 
phoric acid passed with the urine and the fiEces, and the quantity 
el it ingested with the food. The difficulty of these processes, 
'ever, will prevent the attainment of the object desired ; and we 
it therefore be contented, for the present, with conjectural views 
'CODceming the nature of the conditions which affect the increase or 
£mination of phosphoric acid in diseases. 

The following are the facts which I have noted concerning the 
excretion of phosphoric acid in the sick ; and on this point I have 
Otede upwards of one thousand observations. 

In the first period of acute diseases, not of a severe nature, the 
excretion of phosphoric acid is frequently found to be less than usual, 
]pnbably in consequence of the low diet taken ; it then gradually 
JBcreaaes in proportion with the quantity of food ingested by the 
patient. During convalescence, when an unusual amount of food ia 
taken, the quantity of phosphoric acid ia sometimes greater than 
normal. 

In diseases of short duration, even although they are accompa- 
nied with much fever, the diminution of the phosphoric add is at 
tinea scarcely perceptible. 

Ejsamplt*. — In n young man suffering from acute angina tonsil- 
laris, the quantity of phosphoric acid excreted at the time of his 
admission into the hospital was 2-8 grammes.^Eraetic ; severe 
tomitjng. Low diet. Next day the quantity of phosphoric acid 
was 1*7 gramme. The patient improved, quarter diet. On the 
third day, it was 2'6 grammes ; on the uext, 2*5. Half diet. On 
the following day the phosphoric acid was 3'2 grammes. Recoveiy. 

Slight attack of pneumonia. — H<?covery in eight days. The 
qoantity of phosphoric was 24, — 2'5 — 2"9 — 24 — 23 grammes. 

In severe pneumonia, at the acute- period of the inflammation : it 
was 1-7 — 08 — 2-1 — 1-2 — 09 — 2-1 — 1-9 — M grammes. 

In Mvere pneumonia, it was TB — 1'4— 22 — 23 — 16 grammes. 

In febrile bronchial catarrh: It — I'o — 1-7— 1'5 — 2-8 grammes. 

In conralescence after severe pneumonia: 3'8 — 2'7 — 3'2 — 3-5 
— 8"9 — 18 — 2'5, &c., grammes. 

In same: 19 — 5-6 — 2-8 — 1-5 — 3-2 — 2-8 grammes. , 

1 In convnlescfliicc after acute febrile bronchial catarrh: 4'8 grummea J 

I of phosphoric acid. A 
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Eczematoos dftarrii of the Jigesti^ or^ms, vith acute fever. 
Kapid coane ; the patient coQTaLeaceac in eigiic daja =c 2*3 — 2'6 
— 2'7 — 2*6 — 8*4 graxames* 

The foDowing caaes ocrorred in females : — 

Bhenmatic fercr : 2'1 — 23 — 2-2 grammies. 
Catarrh of the stomach : l^l — 1-2 eramme. 
Catarrhal fever, in the acute stage : 1*6 gramme. 
Convalescence from typhus : 5*2 graxnmea. 
In many cases of acute diseases, or after long abstinence from 
food, or towards the fatal termination of disease^ the phosphcmc add 
excretion diminishes still more remarkablv. 

Examples, — In a girl, during the acute stage of pulmonaiv 
catarrh, the quantity of phosphoric add was 0*7 — 0'5 — ; and 
during convalescence 1*3 — 2*5 grammes. 

In a case of pulmonary tuberculosis, on the days preceding the 
patient's death, it was 04 — 04 — 03 — 0-3 — O-g — 0-1 — 008 
gramme (the day on which he died). 

In fatal gangrene of the lungs, it was 3*0 — 2 '5 — 2*20 — 0'7 
grammes. 

In some exceptional cases, however, the phosphoric acid may be 
greater than normal during the acme of acute diseases, as shown 
in the following example : — 

In acute pneumonia in a middle-aged man, who was treated with 
large doses of digital!:*, and recovered, it was 4*3 — 6*1 — 4*1 — 
8-.1. _ 7-9 — 4-5 _ 2-9 — 5*0 grammes. 

In chronic diseases the secretion of phosphoric acid follows a veiy 
irregular course, the quantity being generally less than normal; 
sometimes, however, it is considerably greater. I have made nu- 
merous observations (30 to 40) on this point ; but it would be tedious 
to mention them all here. I shall, therefore, give examples showing 
the mean, the maximum, and the minimum, quantity. 

Examples in Men, — Emphysema of the lungs. The mean quantity 
of 8 days was 1'3; the maximum 2*3; the minimum 0*6 grammes. 

Chronic broncorrhoea. — Mean of eight days 2*7 ; maximum 4*7 ; 
minimum 1*3 grammes. 

Cancer of the liver. — Mean of eleven days 2*2; maximum 2*6; 
minimum 1*6 grammes. 

Subacute articular rheumatism. — Mean of eighteen days 2*4; 
maximum 3*1 ; minimum 1*7 grammes. 

Hemiplegia, after apoplexy.— Mean of thirty-five days 2'7; 
*naximum 6*2; minimum 1*0 grammes. 
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ITjilnJriB. — Mean of three ilajs 5'0; maximoni 5'8; minimum 
4*4 gnmiDes. 

Dropsy. — Singe of diuresis, wilU great increase of cUlorine-secre- 

ni> Mean of two da^s I'S gramme. 

Example* in iFomen. — Diabetes insipidus. Mean of fourteen 
diys4'8; aiBximum 7'S; minimum 32 grammes. 

Awcitea, — Mean of fifteen days 3'0; maximum 4-7; minimum 
1*7 grammes. 

Chronic rheumstism. — Mean of seven days 33 ; maximum 1*2 ; 
niDimiim 27 grammes. 

Spinal irritation, 21 — 3-8- Mean 24 grammes. 

Aineuorthcea, 2"1 — 2"3. Mean 2"2 grammes. 

Seropbula, 2*6 — 5'2- Mean 3'5 grammes. 

Pnlmonarr tuberculosis, 1'5 — 3-9 (10 days) grammes. 

Chronic erysipelas of the face, 1'5 — 3'6 (1 1 days) grammes. 

Bnttler gives the following resum^ of his observations on the 
lick : — ^The excretion of phosphoric add is dtminitAed, in diseases 
■nd functional disorders of the kidneys, associated with diminished 
urinary secret,ii>n (Bright's disease, diseases of the heart), and in dia- 
euea of the digestive organs, which interfere with the absorption of 
the food, it is increa»ed in acute febrile diseases, through the 
incrcased metamorphoses of the phosphorus-containing tissues (the 
tnerease of the phosphoric acid, however, is not so constant as ia that 
of the urea); it is also increased in diseases where, through func- 
tional disorders of the kidneys, the phosphoric acid has been retained 
and accumulated in the blood, after the cause of the retention has 
been removed. (Bright's disease, cholera.) 

Baxthausen observed a diminution of the secretion of phosphoric 
add during the access of intermittent fever. 



[ 



SECTION cxxiir. 

EiSTHY Phosphates. — Lime. — Magnbsu. 

hKlit3S.Z.~DeT PhoiphoTsaure Katk., iiv. Gottiugen, 1850. (Pho 
pbate of Lime, &c.) 
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Bexulil — Ztir Pkyfiolog. ». Patkolog. des Piospkor*. ». axalt, 

Kalht. 2 Beitrag. Gottingeii, 1850. (On the Phjsiolc^ and 

PathoK^ of Phosphate and Oxalate of Lime.) 
KunuNSKY. — HeU^9 Arekh, 1852, p. £70. 
t\ NiVBAVES. — rVirr die Erdpko9phate des Hams. Jauml. Jir 

jNM.*/. Ci^mif., vol. Ixvii. p. 65. (On the Fhosphatic Earths in 

the Vrino). 

« 

F. HvENKC — Ihr Pk^ifpAatum t^rrarum inurind quantitaU. Diss. 
InAug. Berlin, 1$59. (On the Quantity of Earthj Phosphates 
in ihe Urine.) 

I'KffHYnt methods are employed for detennining the quantity of 
Mxthj i^isphates in the urine, according to the particular object 
Bhirh the operator has in view. 

1. The quantity may be estimated by Beneke's method (Sect 
ULWiu. L\ This method is quickly performed, but it yields only 
apprvaimatiTe Nsults. 

:£. .Virain. the quantity may be obtained by the method described 
ai f^ IM. The eanhy phosphates are precipitated with ammo- 
:i:u. the ui>ev*ipitate washed, dissolved in hydrochloric acid, and the 
qu&r.;:t\ of phosphorie acid in the solution determined by the 
^/.,:::'^;:r\-:il vtvyx^ss^. This method, however, is liable to the errors, 
r.v:::\^:\v, ;;v.*:er ;he head of phosphoric acid, and does not yield 
a.v,.r?.u* rt^v,*:cj^ Mv^rtv>-er, it doe^ not give the weight of the 
0Ar,>,) ; hA<viA:c? theni:«'iVo$, but only the quantity of phosphoric 

v"^. d^.:\ :hc quAr.t::y of lime and of magnesia is determined 

> Aavcv:.:*^ k^ :>f meihcvJ civen in Section lxxi. III. : or, 
k- Ax\\>r.l.v.c iv^ Sociion lixi. I. and 11. 

V>.,* '.^<*r.^;^":vr.i\i meihcvd ,4^ is preferable to every other when 

% 

V>.^' >.. ^ «v «: o,*.:a ^:V. assist the inquirer in determining the value 
>*/,.,*:. V..AX V a::a^'V.iv. to quan;iiies obtained by these different 

»'» - ■ *^ V* X • 

• •»% » • - » ^^ ^ 

lv*.\ KO *v"s:.:;riv. :>.*; :he quaniity of earthy phosphates passed 
*,,>. \ c :;r.:v V^ ar. active healthy man in £4 hours, equalled 1*2 

l<hn^;n ]>»:j^:k\} in ^4 hours r09 gramme of phosphates under 
\^^hivar>l d)ct ; anu $56 grammes und» a purely animal diet. 
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Bocker passed an average daily quantity of 1'48 gramme. 

Ifoalcr found the quantity of phosphoric acid united with the 

(conseqoently not the quantity of the phosphatic earths 

selves) which was passed by himself, first, during six days' 

rvation in the month of April, and secondly, during four days 

a October, aa follows :— 





Per Day. 


I'tr Horn. 


Per Day. 


Per Hour. 


Mean. . 


M62 


0-048 


0-390 


0-015 gramme 


Maximum 


1-800 


0-076 


0-660 


0-027 „ 


Minimum 


0-370 


0-015 


0-170 


0-007 „ 



In other healthy persons the hourly average was from 0'015 to 
0*019 gramme, 

Hegar found the quantity of phosphoric acid combined with the 
luths, to be, in himself, as the mean of cightdays" observations, I'Sl 
gnmme. Ilalf-n-year later, the mean of font days' observations was 
0^08 gramme. 

Neubauer gives the following as the results of the numerous 
observations whii-h he has made. They may be received as very 
iraatworthy, both from the accuracy with which the observations 
were made, as well as from the number of them, 52. 

ITie average quantity of earthy phosphates passed with the urine 
by s healthy man in 24 hours range between 0-941 and 1-012 
gnitunes. The mean maximum was 1-138 to 1-263 (the greatest 
qiuuitity being rdSi). The mean minimum 08 (the smallest quan- 
tity 0-328) gramme. 

The average daily quantity of phosphate of lime was 0'31 to 0-37 
grunme. The mean maximum 0-39 to 0-52 (the largest quantity 
0'616). The mean minimum 0-25 (the smallest quantity 0-15) 
gnmine. 

The mean qnantity of phosphate of magnesia was O-Ci. The 
average maximum 0-77 (the largest quantity 0'938). The average 
minimum 0'5 (the smallest quantity 0'17S) gramme. 

On an average there was excreted 1 equiv. of phosphate of Hme 
to 3 equivs. of phosphate of magne.<<ia, or 33 parts of phosphate of 
Ume to 67 parts of phosphate of magnesia. 

These data arc strikingly opposed to those of Kletzinsky, who 
fimnd the relative quantity of the phosphate of lime and phosphate 
of magnesia exactly the reverse. According lo htm, 100 parts of 
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the eanlrr pfaophata oonaflt of 67'S phosphite of limey md Si'T 
phosphste of magnesm.* 

li ippettB, from the invcsriigidianB of Xenhua;llial»lt6 oflimey 
wheu ta^en into the body, do not pa» into the nnne, orit ill cfofci 
oiiIt in TOT ndnnie qnintitieft. On tlie other hand. Dr. W. Boberts 
found the eunhT phosphates increaaed to almost doable the ordinur 
GfuantitT after eating. 

Tbt absdine qaandtT of earthy phiH|ihates in tlie nrinev as wdl ai 
the rdbnre amonnt of the phosphates of Hme and of magDesia, tuj 
mnch in disease fiom the normal standard above given. Thus, it ii 
genendlT admitted, that the excretion of phosphatic earths, and espe- 
cdallT of phosphate of lime, is increaaed in certain diseases of the 
bones (osieomaiarfria, nckets, fcc.). Further carefnl investigatiaiii 
are mnch to be desired for the more perfect illnstntion of itas 8iib> 
jecii, irhich is of great importanee in pathology as wdl as in jAjaio- 
logT. In oondncting soch investigations, we most remember, thst 
if condnskms are drawn from them respecting the metamoiphods 
of the whole of the phosphalic earths in the bod v, the phoq>hatei 
contained in the feces must be cslmlatfd as well as those in the 
vine. 



SECnON CXXIT. 

Ckeaxinixe — ALi^yroiyE — Leucine — Tykosixe. 

Creatinine is constant It present in the urine. The quantity of it 
was once regarded as ven' small ; but later investigations show that 
such L« not the case, and that it is of importance that we should be 
able to detennine its quantity. For this purpose, methods for its 
quantitative detennination in the urine have been given (see 
Section lxix.). 

Schottin {Arciiv. d. HeilkJ. r. Wagner. 1S60. vol. i., p. 417) 
found only traces of creatinine in the urine. Xeubauer, however, 
showed by a series of careful investigations {Anna/, d. Chem, u. 
FJiarm., vol. cxix., p. 27), that the quantity is much greater than 

* The process employed by Kletzinsky was found, on trial, to give in- 
acoorate results. Ylis conclusions, therefore, on this head cannot be se- 
oeptKl. 
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)ttin su])pose(l. He found in his owu urine 1 gramme in H 
"s; tbe maximum being 1*35, and the rainimuQ) 076 gramme, 
obtained similar results in other adult persons, 0'8 to 0"9 
per day. In a boy he found 0'4 gramme. 
CRatmine appears to be essentially a product of the metamorphoses 
; muscular tissue, and its increase to play an important part in 
my diseases. Thns in uncmic diseases it appears to be increased 
the blood ; and is perhaps also increased in the urine. It is to be 
ped that further investigations will be made in this field, which 
tMnises rich rewards. 

Tht determination of the presence aud of the quantity of allan- 
(□e, leaciue, and tyrosine in the urine also promises to add to our 
Ihological knowledge. Our information in this direction is as 
i but fragmentary and of little service to the physician. I add the 
Doving literary notices on the subject for the benefit of those 
lo may be inclined to study the subject further, 
Fterichs and Stiideler {MUller, Arckh f. Anat. §• Phyt., 1854, 
b 393) found atlantoine in the urine of dogs, whose respiration was 
; so also did Kohler {4e allantoini in urind impedild 
one pra»entia},'Q\s». Gorhtz, 1857. Schottin also found it 
ftfter the ingestion of large quantities of gallic acid (Lehmann's 
fandiuci der Physiol. CAemie, IS59, p. 93). 
Schottin (Areiio f. Phyiiol. Hdlkde., 11. N. f., p. 353) found 
aeine in a specimen of albuminous urine ; Frerichs and Stiideler 
tood leucine and tyrosine in the urine of patients suffering from 
[phDs and smalt-pox, as well as in acute atrophy of the Uver. 
ihmeisser also found tyrosine in the urine of a patient suffering from 
e last-mentioned disease {Archie d. Pharm., Oct. 1849, vol. 160. 

11). 
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COKCLUDINO ObSEBVATIONS. 



I have endeavoured in the preceding pages to point out, for the 

poses of the physician, the signification of the different changes 

itadve and quantitative) to which the urine is liable, in the same 

r»yas medical semiology pointa out and determines the value of the 
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^ — 20 to 30 ; phnspboric ncid — 5 to ; sulphuric acid— 
^^^^Bgnmines. Not a trace of sugar woa found in it. Diagnosis : 
^^^^Rb insipidus* The patient was manifestly suffering from ab- 
^^^^Hi increase of the metamorphic jirocesses. The vaste of the 
^^^^Bns UDnaturolly greiit ; and as the patieut was in poor circum- 
^^^Hi^ this increased loss was not replaced by a richer diet. In 
^^^Bll^ the weight of the body was diminished three pounds. The 
^^^^■oBtiou of the body was, however, less than normal, and the 
^^^^koD of blood -corpuscles defective. Under an abundant and 
^^^^Hst, ti^ether with the use of tonics (quinine and iron] and 
^^^H^the urinary secretion was gradually brought to its normal 
^^^Bt the patient's aspect improvetl, the nervous symptoms disap- 
^^^Hlt and her strength returned. 'Whenever, however, the patient 
^^^H^ed to her previous mode of living, she had repeated relapses of 
^^^HplBBSe — intermitting diabetes insipidus. 

^^^■hiTe often observed analogous cases as the consequence of . 
^^^BBerate water-drinking, of hydropathy carelessly or improperly 
^^^^■lyed, or too long continued. 

^^^BA strong man, after a chill, compUined of severe rending pains 
^^^Hb neck and shoulders. The skin was coo) and shrivelled, the 
^^HpintioD diminished. His urine was increased — 3000 to 3300 
^^HR The quantity of colouring- ma Iter was about normal— 4 to 5 ; 
UfBi » also that of the free acids — 1-8 to Z'S. Tbe specific gravity 
^ptV^ 1'006 to 1.008; and the amount of solid constituents some- 
Hpiut diminished— 36 to 10 grammes; the urea, phosphoric acid, 
■^^hnric acid, and chlorine being rather less than the normal 
■ aSB. Diagnosis: hydruria. The increase of the urine evidently 
I ^t^Maided upon an increased secretion of water by the kidneys, which 
I itfocorred vicarionsiy with a diminished secretion of the skin and 
I ttwlnngs. Although the hydmriacontiuned several days, the stjength 
I aod the weight of tbe patient did not diminish. Under a diaphoretic 
I tewtment, whereby the secretion of tbe skin was increased, the 
I lijdraria graduiilly <lijappeared ; and so also did the rheumatiam of 
I t))e neck aftiT cupping. 

[ 4. In a young man suffering from disease of the heart— insuffl- 
I eiency of the bicuspid valves with consecutive dilatation nurl hyper- 
Uvphy of tbe right ventricle — tbe unne gradually diminished in 
I qiWDfitj, fnim 1600 to 1200. 800, and 600 C.C. ; tbe sccn-tion of 
I area vtu also diminished to 26, 20, and 18; ami so aUo tbe sccns 
L tioB of chtoriue to 8, b, and 3 ; the phosphoric odd to 2 and I'fi ; 




« W^faailalkadK— «-l ■• S. ~ i iliini>«ii i 
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the stimulants administered. Death nas caused by Qm rapid 
of the pulmonary cedema. 
4. A mim, 57 years old, was attacked with pneumonia on the left 
consequence of exposure to severe cold on a journey. He 
treated with cupping and large doses of digitalis. Tlie fever 
acute; the urine less scanty, than in other like cases, 900, 
1950, 1600, 1350, 1200 C.C, and of high colour; the 
it-matter considerably increased — 2S to 32; the specific 
gnvity somewhat higher than normal^l'018 to 1'024; the sohd 
aOBstltDcnts for the most part above, but occasionally less, than 
BonDEil. The urea increased — 40 to 60 ; the sulphuric acid was 
increased, in the first instance — 3-5 to 4 grammes, but afterwards 
WHS less than normal — 1*8, I'l and 1'6 ; the phosphoric acid nearly 
eoiutantly increa.'ied — i, 5, 7, 8 grammes. Of chlorine only a trace 
eoald he found during the first two days; but it gradually increased 
— ^, 4, 7 grammes, and on the eighth day was normal. The jiatient 
nptdly recovered, despite his advanced age, and of his having pre- 
TiDusly sutlered from an attack of pneumonia, which had probably 
'injured his lung; and he left the hospital cured in ten days. The 
awe is particularly interesting as showing the favourable effects of 
digitalis on the nutrition. Here, as in all cases of acute fever, there 
was an increase uf the wear and tear of the constituents of the body, 
on Tinusaally laige amount of urea and colouring- matter was formed, 
and an increased quantity of phosphoric and sulphuric acids were 
separated from their organic compounds. Tiie urine, however, was 
in this case, and doubtless through the influence of the digitalis, 
mncb more abundant than it usually is in such cases; and in conse- 
quence the products of the decomposition of the tissues, &c,, were 
npidly removed from the body, and convalescence hastened, I do 
not mean to say that this is the only action of digitalis in such coses ; 
but I refer to this peculiar action of the medicine on account of its 
being so clearly manifested in this case. 

7. A man suffered from chronic affection of tJio liver and the sto- 
mach, with organic change of structure, of a nature not easily diagnosed, 
Kssociated with long- continued disturbance of the digestion, as well 
as severe pain. His strength was much exhausted. Here the indi- 
cation was, in the first place, to provide for the immediate treatment, 
and then, for the sake of prognosis, to investigate more closely the 
inetamorphic changes going on in the patient. For this purpose the 
urine was examined on several days ; and the follon ing were fotud 
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to be the sfcnge ptopartion of its oonstitiients : — 4fae quantity wu 
about nomud — I'oOO C. C. ; the ookMir dear yellow^ the ocdouring- 
Bancr Ics than nonnal — S ; its reaction slightly acid^ its free add 
being nmcfa diminished — 0*4. The specific gravity was less than 
nonnal — 1*014; and so also the solid constitaents — 42 grammes. 
The men was somewhat diminished — 29 ; and so also the snlphuiic 
add — 1'4; the phosphoric add was about normal — S*^; and the 
dilorine — 10 grammes^ rather aboTe the nonnaL From this it 
foUowedy that for a time digestion was faTonraUe, the chlorine and 
pbospbonc acid being sufficient ; but that, on the other hand^ the 
netamoiphosb of the ptoleine-tiaBttes was diminished, the urea and 
sulphuric add bdng deficient. The small amount of colouring- 
matter, and the marked diminution ot the free adds indicated also 
a deCfictire metamorphosis of the blood-corpnsdes — a fact which was 
also indicated by the pale anemic appearance of the patient. Under 
the infiuenoe of an abundant animal diet and tonics, the patient 
gained strength and spirits at least for a time; but, from the nature 
of the organic disease, no pemument cure could be expected. 

S. Cases occur, in which a febrile increase of the metamorphic 
processes can scarcdy be discovered, except from tbe condition of the 
urine. The pulse is perfectly quiet^ the temperature of the surface of 
the body about natural, the appetite little i^ected ; and yet there is 
an increase in the waste of the constituents of the body, and dimi- 
nished activity of the kidneys — a condition always dangerous, as a 
cause of congestion in cases of chronic disease of the lungs, liver, kc. 
Coni]re:>tion, under such circumstances, readilv occasions material 
changes in the structure of j>arts. The following case comes under 
this head : 

A very powerful man, 4S years old, with a broad and well-arched 
thorax, presented symptoms, which led to the suspidon of the 
existence of commencing tuberculosis. For a long time he had 
sutfered from cough and expectoration ; slight dulness of percussion 
at the apex of the right lung, with indistinct and somewhat bron- 
chial respiration, and rikles at this point. His inspiratory capacit}* 
was less than his bodily size would indicate. During the last fair 
mouths he had wasted somewhat and lost strength. His pulse, 
however, was perfectly quiet, 60 to 63; his appetite tolerably 
good ; J-diet, with different extras ; the temperature of his extremi- 
ties not increased. During the night he occasionally had severe 
sweating. The urine, on the other hand, was veiy abnormal. It 
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was much dimiaished In quantity — 400 to 6U0 C. C. ; almost always 
clouded with an uric acid sediment; very high-coloured, the pigmcDt- 
inatter being increased — IG to 24 ; of very high sp. gr. — 1 "022 to 
I'02S; the urea nither above the avernjte — 28 to 35; the chlorine 
boBQch diminisUcd — 3 to 5 ; the phosphoric acid — 25 ; nnd sulphuric 
Baetd somewhat less than Dorisal — 1'5 grammes, llenee, the excretory 
Mtion of the kidneys was much diminished ; the wear and tear of 
the tissues much grester than natural, and the blood, iu consequence, 
DvercUarged with deleterious constituents. It appeared, moreover, 
that the patient had long suffered from some chronic disease of the 
skin (probably psoriasis), and that this disease had disappeared 
about six months ago. Many circumstances therefore combined 
together in causing an inordinate action of the lungs, and must 
lure uded in promoting the disorganisation of their structure, 
wbich was suspected to be going on. On careful investigation, it 
•yna found that, despite of the slow and tranquil pulse, there was 
inemsed action of the ri^ht ventricle ; and a congested alate of the 
longs was indicated by a distinct increase of the second sound of 
tlie pulmonary artery. The patient, besides, complained of dyspniBa 
mad tightness at tlie chest. The main indication was, by iucreasing 
the urinar}' secretion lo free the lungs from the irritation excited in 
them by the excess of excretory matters which were retained in the 
blood. Gentle ihuretics were administered — infusion of digitalis 
with acetate of potash ; and infusion of herba Jaccie. With increase 
of the quantity of urine, the patient's chest became more free, and 
bu general condition improved ; so that after a time he was able to 
lesve the hospital materially improved in health. Out of the hospi- 
tal, however, he could not obtain suitable nourishment, and indulged 
deeply in spirits ; bis disease in consequence advanced, and in about 
flix months time he returned to the hospital with well-marked 
tabcrculosis of the lungs, and died in the course of a few days. 

9. A man, 45 years old, was suddenly seized with acute febrile 
qrmptoros, shiverings, and beat, loss of appetite, and bloody urine. 
ia the course of 36 hours the whole of his body, with the exception of 
fau face, became cedematous. A few ilays latt-r the patient was 
brought into the hospital, presenting the symptoms above described, 
vitii the addilion of constant vomiting. During the first tlirec days 
of his residence there, the cuiulition of the urine was us follows : — 
lU quantity less than normal — 900 to 1500 t'.C. ; its colour a 
'dtwp bloud-red. Under the microscope, a largish quantity of un- 
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changed blood-corpuscles was found in it, as well as nnmerous 
pus-corpuscles, and a few granular urinary casts. It was highly 
albuminous. Its reaction alkaline; sp. gr. low — 1*010 to 1*012; 
its urea much less than normal — 8 to 20 ; chlorine diminished— 
1 to 8; and so also its phosphoros — 1*8 to 2*8; sulphuric add 
much diminished — 0*5 to 1*6 grammes. After standing for some 
time it deposited a mucous sediment, resulting from the action of the 
ammonia on the pus-corpuscles suspended in it. The perspiration 
-—cutaneous and pulmonaiy exhalation — was much less than normal, 
460 to 780 grammes in the 24 hours. The ingesta exceeded the 
egesta considerably, so that the patient increased ten pounds in 
weight in the course of three days, in consequence of the increase of 
the dropsical swelling. Diagnosi»: Morbus Brightii acutus. The 
most powerful remedies were used to increase the urinary and intes- 
tinal secretions, in order to ward off the consequences of the uremic 
condition of the patient ; but without effect. All internal remedies 
— sulphate of soda with acetate of potash, gamboge, with car- 
bonate of soda, croton oil — ^were rejected by vomiting; external 
applications of decoction of digitalis over the whole surface of the 
body were without any effect. Clysters of croton oil in linseed oil 
irritated the rectum so much, that they could not be repeated. The 
excretory action of the kidneys daily diminished ; the quantity of 
urine fell from 800 to 700, 500, and 450 C.C. per day ; its sp. gr. from 
1*015 to 1*010. The quantity of urea still further diminished — 6 
to 8 grammes daily; and in like manner the chlorine — 0*8 to 1; 
the sulphuric acid — 0*4 to 0*6; and the phosphoric acid — 1*3 
to 1*7 gramme. Symptoms of uraemia, giddiness and delirium, 
appeared, and gradually increased into coma and sopor, destroying 
the patient in a little less than three weeks from the commeucemeni 
of his illness. The autopsy showed the existence of Bright's disease 
iu the second stage. 

10. A man, 52 years old, of strong bodily constitution, was, like 
the last patient, attacked with acute disease of the kidneys. Con- 
siderable cedema of the whole body quickly followed upon the febrile 
symptoms; the blood-red urine contained a large quantity of albu- 
men, and presented under the microscope, traces of urinary casts, 
together with numerous blood-, and pus-corpuscles. In this cnse 
strong diuretics — pills of gamboge and carbonate of soda produced an 
abundant urinary secretion, and especially after decoctions of 
digitaUs had been extensively applied over the whole of the lower half 
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of the body. The urine from the 25th of October to November 1st 
presented the following characters : quantity much increased, from 
4800 to 680(1 C, C, ■. colour red (bloody) j reaction neutral or alka- 
line; specific gravity low — 1'003 to I'UOS; urea much increased) from 
45 to 97 grammes daily; and so also the chlorine — 20 to 30; the 
■olphuric acid — 41 to4--7 ; and especially the [jflosphoric acid — 11 to 
18 gmmmcs. The dropsical swelling entirely disappeared with the 
incrense of Ihe urinary secretion ; and so likewise did the threatening 
symptoms of uraemia {somnolence and wanderings), leaving the 
patient to all appearance quite well. After a time, however, he had 
■nother attack ; violent fever with swelling of the tips and phlyctenous 
emption around the mouth, with scanty and very bloody urine. As 
the latter symptom indicated acute irritation of the kidneys, and as 
there was a complete absence of dropsical symptoms, diuretics were 
not administered ; and I considered it of importance to lessen the 
trritatioQ of the kidneys. Linseed-tea with bitter almond-water was 
giren ; and in the course of two days the former deep bloody-looking 
urine became almost colourless. 

11. HBematnria, resulting from solution of the hicmBlo-globuline 
(see Section xci.), A young man, 20 years old, who had always 
previously enjoyed good health, complained that for the lost 8 daya 
he had felt unwell. His face was remarkably pale, and in some parts 
livid ; Tcddish-blue rings were broadly marked under the eyes. The 
temperature of skin natural; pulse quick — 90 to 100, smjdl and weak. 
Together with a feeling of great weariness and depression, he experi- 
enced pain of a slightly tearing, and dragging nature over the greater 
part of the body, and particularly in the extremities. There was 
slight catarrh of the respiratory and digestive orgaus, want of appe- 
tite, a somewhat coated tongue, diarrhoea, and distinct enlarge- 
ment of the spleen. He was taken into the hos[)ital ; and supposed, 
though crroneouily, to be labouring under typhus. The febrile 
symptoms diminished instead of increasing ; the weak, and often 
double-beat ing pulse became slower and fuller : the heat of the body 
remained natural, being generally under 37° C. (99° Pahr,), and the 
intelligence unaffected. The patient, however, became gradually 
weaker, so that he could scarcely raise himself up : and the ancemic 
appearance so marked as to give him the appearance of a patient in 
an ailvanced stage of cholera. The urine, natural in (juantity, was of 
a dark brownish-red colour, between 7 and 8 of the colour-table — 
similar, although not quite as dark as that which I had observed after 
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the inhalation of arseniuretted hydrogen (see p. 810). It contained at 
least 800 parts of colouring-matter. No blood-corpuscles could be 
found in it under the microscope, in fact, no kind of solid matters. 
On boiling it yielded a very abundant reddish-brown coagulum of 
hsemato-globulinei which when separated by filtration was of a slight 
yellowish-colour. Its other constituents were normal in quantity, 
with the exception of the chloride of sodium, which was some- 
what diminished in consequence of his scanty diet. This stat€ of 
the urine, which had undoubtedly existed from the beginning of the 
complaint (of which he could give no account), lasted for about 8 
days, and then gradually disappeared. It indicated, that the dis- 
ease consisted essentially in a continued partial decomposition of the 
blood-corpuscles within the vessels — the product thereof being se- 
parated with the urine (and perhaps also with the bile) — causing, by 
the intensity and duration of the complaint, an advanced condition of 
oligocythsemia. The state of the urine, combined with the great 
depression, and the pains in the extremities, also indicated scurvy ; 
but here there was no characteristic change of the gums, nor 
ecchymoses, &c., nor any etiological cause to account for the produc- 
tion of scurvy. 

Mineral acids were given to the patient, first of all alone, and then 
in combination with quinine ; and during convalescence preparations 
of iron. He recovered slowly, but completely. No eflective cause 
of the complaint was discovered. 

Some months later, and without any appreciable cause, another 
attack of hematuria occurred, but of shorter duration and less in- 
tense than the former. During this attack, as during the former, 
the patient did not suffer the slightest pain in any part of the 
urinary system ; nor could any satisfactory cause of the affection be 
discovered. 

12. Tlie following case, essentially different from the former, but 
arising without appreciable cause, presents an example of haematuria 
vesicalis. Friedrich P., butcher, set. 22, who had never before been ill, 
and whose parents were healthy (his father suffering merely from 
haemorrhoids), was seized with a slight gastric affection accompanied 
with giddiness and singing in the ears, and entered the hospital. 
Some years previously he had often suffered from bleeding from the 
nose ; but of late he had had no kind of haemorrhage. On further 
investigation, it was found, that his urine was of a blood-red colour, 
that he suffered from dysuria, and from an involuntary and con- 
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tmaetl desire to pass water, so as to be forced to urinate everj 
4]Uarter-or-aD-hour. The last portion of uriae passed invariably con- 
tuiied a large quantity of blood. On examination, the orifice of 
tbc urethra was found natural, no pain was felt on pressure over the 
back part of the urethra, uor was anything abnormal found about 
the prostate or bladder on examination per anum. The bloody- 
coloiircd untie deposited, after standing for some time, a scanty 
'dBrkisb-red sediment, which was readily dispersed by shaking, and 
'OOOflistcd solely of blood-corpuscles without any admisture of pns. 
^Cltt urine when filtered appeared quite free from blood, and of a 
bright yellow colour ; a dark red precipitate of blood-corpuscles 
remnining on the filler. The urine consequeutly contained only 
blood -corpuscles, and no luematine in solution. The blood-eorpuf- 
lAea luuloubtedly came from the bladder, and their presence probably 
lesalted from congestion of its mucous membrane, and consequent 
rnptare of blood-vessels. 

The treatment consisted in the administration of linseed-tea, with 
bitter-al mond- water ; and under it the patient improved in health. 
The dysuria ceased in the course of a few days, and the blood gra- 
doftlly disappeared from the urine. 

13. The following case is of interest, from its close resemblance 
to a case of hsematuria ; and from the fact, that the absence of this 
tiffc«tion was firat demonstrated by the microscope. 

An old gentleman, of 72, had had for five years an affection of 
Ihc bladder, which showed itself as follows : lie had always been 
healthy, and was, for his age, very robust. Trom time to time, 
after excretion, or after much walking, he ]>assed a small quantity 
of blood with his urine, and sufiered some httle pain about the 
region of the bladder. The simultaneous passing of gravel with 
his urine, led to the supposition of the presence of a calculus in his 
bbdder ; and he had consequently consulted several doctors, and 
iud been many times examined. No atone, however, was found. His 
affection was therefore regarded as an hsemorrhoidal state of the 
bladder, and the patient had, in consequence, resorted to the Kissingen 
aud Karlsbad waters, but without deriving any essential beiielit 
from them. He had never passed biood with his motions; nor 
were btemorrhoids or any enlargement of the prostate discovered. 
His genend coudiliou was good. There was no rigidity of his 
arteries. 

Uifl urine was very acid, and deposited large crystalline masses of 
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uric acid. There was also observed in it an abundant dirty-red cinna- 
mon-coloiired sediment, which was quickly deposited, and contained 
large flocculi. Before this sediment was deposited, the urine jffe- 
sented the exact appearance as when blood is present in it ; and in 
fact, the patient himself and his many doctors had always hitherto 
considered that the sediment was caused by blood. Under the 
microscope, however, numerous cellular forms were found, which, 
on the first appearance, seemed to be blood^corpusdes, but on closer 
investigation, were found to be essentially different. They were' 
round, of a red colour, like that of the blood-corpuscles, but somewhat 
larger, 900 to ib" diameter; contained a distinct nucleated cor- 
puscle, and were unaffected by acetic acid (see Plate IIL Fig* 6, 
T> aa). With these were found others^ some greater and some 
smaller, irregular and partly caudate cells, for the moat part con- 
taining nuclei (Fig. QyDbbb) partly single, and partly i^gr^rated 
(forming thready flocculi visible to the naked eye), and without any 
trace of a fibrinous basis-membrane. The sediment of the urine also 
contained normal pus-corpusdes, which, after treatment with acetic 
acid, exhibited their usual nuclei. 

From the presence of these cells, the existence of fungoid ex- 
crescences (epithelioma) of the bladder was diagnosed, with tendency 
to acid urine and separation of uric acid. The treatment ordered 
was: the regular use of Fachinger water, and linseed-tea, with 
acetate of potash, and laurel -water. Under this treatment the con- 
dition of the patient was much improved. For several months the 
urine was not coloured with blood ; and instead of the epithelioma 
cells contained merely a few pus-corpuscles, and some thready coagula 
of mucus. The patient now suffered merely from occasional pains in 
the glans penis ; and straining occurred only during the evacuation 
of the last drops of urine. 

I trust that the above examples will satisfy the reader that the 
investigation of the state of the metamorphic processes in the sick 
is of service to the physician ; and that the investigation itself is 
not so exceedingly difficult, as some persons have imagined. But I 
would, at the same time, earnestly entreat those who may pursue fur- 
ther the path of investigation here pointed out, to confine themselves 
to the possible, and not endeavour, by the aid of bold hypotheses 
or ill-founded surmises, to assume conclusions, which our knowledge 
does not yet enable us to compass. Such proceeding is injurious to 
the interests of the sick, who trust themselves to our care; and 
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cuinot fail to lower, both in the eyes of the piofession, as well as 
of the public, the value of this excellent and philosophic method 
of investigation of disease, viz., the consideration of the chemistry 
rf the metamorphic processes in diseases. 



Ubinahy Calculi and othbk Usinary CoNCBsnoNS. 

By urinary concretions, we understand deposits from the mine, 
which have taken place in the urinary passages, within the kid- 
&^s, ureters, bladder, or uretlira. Sometimes these concretions ate 
Bcoall, like sand, and pass awoy readily with the urine; in such 
case, they are usually very numerous, and as a rule, occur in a 
crystalline form, (sand, gravel). Sometimes again, they are mnch 
Ui^r, from the size of a pea up to that of an apple. When of a 
nze too large to admit of their being evacuated with the urine, they 
are retaiued in the calyces or pelves of the kidney or iu the bladder, 
and by their mechanical action excite irritation, pain, liremorrhage, 
and inflammation of these parts, &c. They may also become fixed 
io the ureters and urethra. (Calculi.) 

Most of these urinary concretions are formed from sediments of 
ike urine, which have been deposited within the urinary passages, 
aud iusteud of being evacuated, have, through some cause or other, 
been retained there and gradnall; formed iuto large masses; or, 
again, the calculi may be formed of aedimenls which have collected 
round a foreign body, which has found its way into the urinary 
pt93age3. In the same way urinary concretions may enlarge gra- 
dually, and more or less rapidly, fresh layers of sedimentaiy matters 
being continually deposited upon them. 

No distinct line of demarcation can be made between urinarv gravel 
and the sediments from which they are formed, for one may pass 
into the other; and the same thing is true of sand and small calculi. 
Hence there is no practical advantage gained by attirmpting any 
arbitrary division of them into separate forms. 
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A knowledge of urinary concretions is of great importance to Ae 
medical man, on account of the inconTenience, and the danger vhicli 
their presence occasions in the body. It is the business of special 
pathology and diagnosis to point out to us their nature and trett- 
ment. A knowledge, however, of the chemical composition of 
urinary concretions is of practical use to the physician. Therd)y 
alone can he learn how, by proper medicinal appliances, to prevent H 
the further formation of the sand, which mechanically irritates the 
urinary passages, or the still more dangerous formation of a calculus, 
or the further increase of a calculus which has been already formed. 
It is evident, moreover, that an exact knowledge of the diemieal 
composition of a urinary calculus must form the basis of anj 
attempts to dissolve it within the bladder. The chemical investiga- 
tion, also, of calculi which have been removed by lithotomy or lifclio- 
trity, is often of practical utility, inasmuch as it indicates the proper 
treatment for the prevention of the recurrence of like urinary concre- 
tions in the persons operated upon. 

The chemical constituents of urinary calculi are essentially fte 
same as those which have been abeady considered under the h^ of 
urinary sediments, viz : — 

Uric acid and urates. 

Xanthine. 

Cystine. 

Oxalate of lime. 

Carbonate of lime. 

Phosphate of lime. 

Ammonio-phosphate of magnesia. 

Proteine-compounds (fibrine, mucus). 

Urostealith. 
These being mixed with minute quantities of other matters- 
silica, alumina, &c. 

Many urinary concretions consist solely of some one of these 
constituents. Others, again, are composed of several of them ; the 
different constituents in some cases forming separate layers of the 
concretion. 

As the properties and tests of most of these substances have been 
already described, it is only necessary here to point out the general 
processes required for the analysis of such concretions, referring for 
further particulars to their special history. 

If we have to deal with sandy deposit, it is advisable, in the first 
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imine it microscopically, as from the form of the crystals 
lieinical nature of the mutter may be often aacertained. For 
lioal investigation we must isolate the particles of it as far as 
ble from all impurities, snch as blood aaJ pus, and then wash 
1 with distilled water. If the particles are large, they must be 
sed to a fine powder, 

I dealing with calculi, it must be remembered that they are fre- 
tly formed of layers difi'ering in chemical composition. The 
s must therefore be cut, or better still, broken in pieces, and 
iftli quantity of powdtr taken from every layer which pre- 
I a different appearance, and snbjeoted to analysis. In this case, 
it ia well to wash tlie powder with distilled water before com- 
ang operations, in order to separate any accidental conatituents 
le Brine which may have become infiltrated into it. 
tie best method of proceeding, especially for those who are not 
tised ia these analyses, is, in the first place, to heat a little of the 
iered calculus to redness on platinum foil over a spirit-lamp. If 
K>wder be wholly consumed, or leave only a very inconsiderable 
ant of residue, it may consist of — 

Uric acid or urate of anunouia. 

Xanthine (Xanthic oxide), 

Cystine, 

Froteine-bodies, 

Ureostealith. 
ext, in order to ascertain which of these substances the con- 
an i> formed of, we must proceed as follows : — 
'e first lest it for uric acid. If, on treating the powder with 
: acid and ammonia, after the manner described at p. 30, 6, and 
., 0., ve obtain a distinct murexide- reaction, the concretion coD- 
of nrie acid or of urate of ammonia. These two substances are 
agoiahed by the fact, that uric acid is only very slightly 
»Ie in boiling water, whilst urate of ammonia is much more 
ly dissolved, and in larger quantities. As the solution cools it is 
I precipitated, and, on the addition of a solution of potash, gives 
nmonia (Section xxxvii.). 

ric Bcid calculi are, comparatively speaking, of freqiient occur- 
t, and sometimes attain a considerable size. They are rarely 
a, being generally of a yellowish, reddish, or reddish-brown 
ir; they have usually a smooth suriace, and are tolerably bard. 
rate of ammonia calculi are rarely met with ; they are usually 
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smnll, of a lightish or loamy colour, and of a more eartby 
ciicc tliati uric acid calculi. 

If the oriiiMry concretion is eombuslibb, and o&n ao mi 
reaction, it mciy consist of one of the following boili(.-e : — 
Xanthine (Xantluc oxide). — ^This substance disttrfves 
w'id wilLout evolution of gas ; tlie solution on evaporation Iraving > 
bright lemon -col ouitrd rcsidur, which is not ivddeaed bv nmiOQiiia, 
but dissolves readily in caoHtic potaab with a deep reddish-jdliw 
colour. The newly-discovered eubaUuce, gusuine, hus n aimilir 
reaction ; it is, therefore, necessary lo be cautious in dedil 
u urinary concretion consists of xanthine. Guanine, howE 
never yet been found in urinary concretions. 

Calculi consisting of santliine are extremdy rare ; only a 
cimeus, indeed, have been hitherto met with. They have a 
brown (whitish- or cionamon-brown) colour, are of tolerably finn 
consistence, take a pohsh like wax when mbbed, and usually coniiil 
of concentric amorjihous layers, which are readily separated. 

C^ttiM calcuh are also rarely met with. Tliey are of a doll- 
yellow colour, have a smooth surface, and present on fracttin i 
glistening crystalline appearance. They are softish, may be ro^y 
scraped, and when powdered impart a soapy feeling to the lingen. 

The following are the chemical characters of cystine : — It is 
soluble in caustic ammonia, and on slow evaporation of the solndon 
crystallises iii very characteristic forms — regular six-aided tables. It 
is also soluble in mineral auda ; and on alow evaporation of u 
hydrochloric-acid aolulian crystallises in groups of divergent fidi* 
ating needles. Cystine contains a considerable quantity of aulphui. 
Consequently, if a calculus, containing cystine, be dissolved in i 
solution of potash, and after the addition of a litlle nietalo of Iwd 
solution the solution be boiled, a black precipitate of sulphurel of 
lead is thrown down, and gives the mixture an inky apf 
(See Section xl.) 

CalcuU formed oi proUine-n^ttaneeg (of librine or hlood- 
are also very rare. They present no ap|jcarance of oryst 
give off when burnt an odour of burnt horn, arc insoluble 
ether, and alcohol, but are soluble in a solution of potash, fr 
they are thrown down by acids ; in acetic add they swell 
are soluble in boiling nitric add. 

Calculi of vroslealitk are equally rare, and have only 
by Heller. In theip fresh state Ihey arc soft and clMticy like 
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toac to the toucli. They Bhriuk up when drierl, assume 3. light- 
nvu or blackish colour, becoue brittle, and harJ, but soften 
;Biii, when wanned. When heated they fuse, iutumesce and 
ve off a very powerful odour, somewhat like that of mixed 
ibUbc and benzoinc. They soften without di^oolving in boiling 
da. They readily dissolve in ether; and the amorphous uro- 
ealitli, which remains on evaporation of the ethereal solution, 
■ames a violet colour when further heated. They also readily 
■solve in caustic potash wlien warmed, and become saponified. 
be; dissolve in nitric acid, with a slight evolution of gaa, and with- 
chsDge of colour, the residue, on the addition of alkalies, becoming 
t a dark-yellow coloor. 

II. If the concretion is incombustible, or leaves mucli r&sidue 
fter exposure to red-heat, it may consist of — 

Urates, with a fixed base (soda, magnesia, lime). 
Oxalate of lime, 
Carbonate of lime. 
Phosphate of lime, or of 
Ammouio-phosphate of magnesia. 
Uraie of tod^i, urate of lime, and urate ofmagnaia, are rarely met 
ritlt. as the sole constituents of a urinary calculus; they are, how- 
', occasionally found in varying quantities in calculi, which con- 
chiefly of other substances, in uric acid and urate of ammonia, 
ekuli, for instance. 

In order to ascertain whether any of these bases are contained in 
I tttic acid calculus, we boil the pidverised calculus in distilled 
rat«r, and filter tlie solution while hot. The urates, being more 
>luble in hot water than uric acid, will, if present, be contained in 
be filtrate. Tlie filtrate is then evaporated, and the residue heated 
isdness. ITie fixed bases will remain in the incinerated mass, 
rhich, if it renders moistened turmeric-paper brown, we may con- 
dude contains soda or potash. The soda is distinguishes! by the 
^ow tinge which it imparts to the flame of the blow-pijie. K too 
vat heat has not been applied \a the residue, magnesia and hme, 
present in it, will remain in the forms of carbonates; these are 
bsoluble in water, but dissolve readily in dilute acids. Prom such 
lutions the earths arc precipitated as ammomo-phospiiatc of mag- 
sia, and as phosphate of lime, on the addition of phosphate of 
oda and ammoma. 
I QssttltUe <f lime, when strongly heated, blackens in consequence of 
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the combustion of its organic matter ; but by prcdonged exposme to 
heat it becomes white, without undergoing fusion. By still further 
exposure to heat it is converted into caustic lime, which renders 
moistened turmeric-paper brown. By a less d^ree of heat car- 
bonate of lime is formed, which dissolves in hydrochloric add 
with effervescence. No precipitate is formed when this sokticm 
is neutralised with ammonia, but when oxalic acid is also added, 
oxalate of lime is thrown down, whose characteristic form of 073- 
tals may be seen under the microscope (see Section xxxvni. b). 
Oxalate of lime is insoluble in boiling water, and caustic potash sofai- 
tion; it is soluble in hydrochloric acid without effervescence. 

Oxalate of lime calculi are often met with, especially in childreii. 
They are either small, of a pale colour and smooth, of the size of 
hempseed— or they are larger, have a rough, warty, nodular surfiioe, 
and are generally of a dark, brownish, or even blackish colour — mtd- 
berry calcuU. These latter calculi usually cause, by their roUghncflB, 
much irritation in the urinary passages, producing great distress, 
inflammation, and hsemorrhage* 

Calculi composed chiefly or entirely of carbonate of lime are rare; 
when met with, they have generally been found in large numbers in 
the same individual. They haVe a whitish*grey — ^rarely a darker, 
yellowish, or brownish— colour, and present an earthy chalk-like ap- 
pearance. Carbonate of lime is most frequently met with in sm^ 
quantity as a component of other calculi, mixed, for instance, with 
oxalate of lime or earthy phosphates. 

Carbonate of lime concretions become black when burnt, in conse- 
quence of the presence of much organic matter (mucus) in them, 
but are readily rendered white by further heating* They are not 
fusible. The residue, when exposed to a strong heat, exhibits exactly 
the same qualities as that of oxalate of lime calculus. It either 
remains in the state of carbonate of lime, or is converted into caustic 
lime. 

These calculi are easily recognised by their characteristic property 
of dissolving in hydrochloric acid with efl'ervescence. 

Ammonio'phosphate of magnesia and basic phosphate of lime 
usually occur together as constituents of urinary calculi. Calculi 
of this kind indicate, that the urine has been for a length of time 
ammoniacal while in the bladder, in consequence of the decomposi- 
tion of its urea. These calculi often become of considerable size, 
and have generally a whitish colour. When the phosphate of mag- 
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predomiiiates in tlietn they are Boftisli, porous, 
chaUiy ; but when the phosphate of lime is iii excess they he- 
me thicker and harder. 
The following are their chemical characters : — 
They are incombustible, but when exposed to a strong heat, fuse 
to a white enamel-like mass, and have, in consequence, been 

illed fusible calcuh. They never become alkaline, however strongly 
Mted, and may thus be distinguished from calculi of oxalate of 
ne and carbonate of lime. Tbey are soluble in hydrochloric add 
ithoat effervescence, both before and after exposure to strong heat; 

Skd the solution of the fused pulverised mass is precipitated with 
imonia. 
To separate these two constituents— phosphate of lime and phos- 

b«te of magnesia and ammonia — from each other, we proceed as 

^owa: The calcined powder ia dissolved in dilute hydrochloric acid, 
id the solution filtered. Ammonia is then carefully added to the 
ilution, so as to leave it very slightly acid, or the solution may be 
tmpletely neutralised with ammonia, and the cloudiness which 

ppeara then removed by the addition of a few drops of acetic 
lid. If oxalate of ammonia now be added, the lime alone will be 
irown down as an oxalate, the phosphate of magnesia and ammonia 
iEDaining in solution. A.fter separating the precipitate by filtration, 
te phosphate of magnesia and ammonia may be obtained by super- 
ituration with ammonia. 

Neutral phoaphale of lime calculi have been met with in some 
sry rare instances. In their physical and chemical characters they 
aemhlc calculi of the earthy phosphates ; but as they contain no 
their solution in hydrochloric acid, after precipitation of the 
with oxalate of ammouia, yields nu further precipitate when 

reated with an excess of caustic ammonia. 
Urinary calculi, however, sometimes have a more complicated 

Bomjiosition, being formed of several diifercnt constituents. Thus, 

lor instance, there are calculi which consist of uric acid, and of 

irates, and of earthy phosphates ; and others ngain which are formed 
^ a mixture of oxalate of lime and of earthy phosphates. Calcnli 
we, indeed, been met with, which were composed of uric acid, 
rate of ammonia, oxalate of lime, phosphate of lime, carbonate of 

ime, and ammonio-phosphate of magnesia, that is to say, of 
I different constituents. These various constituents of calculi are 
imetimes intimately mingled together, and sometimes deposited in 
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separate layers^ which have manifestly been formed at different 
periods. This is explained by the fEtct, that in the same patient 
different urinary sediments appear in the urine at different times, 
and are deposited upon a pre-existing calculus^ and increase its size. 
Alternate layers of uric acid and urates, for example, are formed, 
when, in a case of uric acid diathesis, the urine is at one time very 
acid, so that the urates are decomposed, and the uric acid separated; 
and at another less acid or neutral, so that the undecomposed 
urates are precipitated on the calculus. If the uric acid diathesis 
alternate with the oxalic add diathesis, the calculus will be formed 
of alternating layers of uric add and oxalate of lime. The calculi 
frequently met with, composed of alternate layers of uric add, or 
oxalate of lime and phosphatic earths, are fonned through the 
periodical re-occurrence of the uric acid or oxalic add diathesis, the 
urine being rendered ammoniacal in the intervals through decompo- 
sition of the urea. The decomposition in such case results from 
the presence of the large quantity of mucus, which is produced by 
the irritation of the calculus, or from temporary obstruction to the 
flow of the urine. Alternate layers of uric acid and phosphate of 
lime in the same calculus are sometimes artificially produced by 
drugs, as when alkalies are administered to counteract the uric acid 
diathesis. Tlie alkalies make the urine alkaline, and consequently 
occasion a deposition of the sediment of phosphate of lime upon the 
calculus. 

Calculi usually have a nucleus, this is in some cases fonned of a 
foreign body, around which the urinary sediments collect and become 
incrusted. All foreign bodies which find their way into the urinary 
passages, or have been fonned there, such as blood-coagula, masses 
of mucus, and fibrine, may become the nuclei of urinary calculi. 
Sandy particles retained in the bladder, may also form the nuclei of 
calculi. In the latter case the nucleus has sometimes a different 
composition from the rest of the calculus, on account of the urinary 
sediment having undergone a change during its formation. Sometimes 
the calculus has a cavity in its centre instead of a nucleus ; and in 
such Ciise the nucleus which originally consisted of mucus has drieil 
and shrivelled up. In some rare cases, the nucleus is found to 
rattle within the calculus ; in such case it is also formed of dried-up 
mucus. Occasionally, the calculus consists of sandy particles, or of 
several small calculi, united together by a menstruum, which may, or 
not, have the same chemical composition as the calculi themselves. 
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These different facts must all be taken into consideration^ in inves- 
tigating the chemical constitution of urinary calculi^ and in 
drawing conclusions concerning the probable conditions which 
attend their formation. 

Spurious or false urinary calculi are also met with^ and their dia- 
gnosis is of importance in cases where, for instance, an hypochon- 
driacal patient has got the idea into his head, that he is suffering 
from calculus or gravel. Thus it has happened that sand or little 
pieces of stone, which have accidentaUy found their way into the 
chamber-utensil, have been taken for urinary concretions. These 
usually consist of silicates, and may be in most cases readily distin- 
guished from urinary calculi, by their external appearance and 
physical properties (extreme hardness)^ of course also by their 
chemical characters. On chemically examining these false concretions 
the characteristic properties of the substances which form urinary 
calculi, &c., will not be met with, and, moreover, analysis (fusion 
with carbonate of potash, soda, &c., as described in Section xvin.) 
will generally show the presence of a laige quantity of silica, 
which is not met with in true urinary concretions, or only in very 
minute quantities. 



rrlated by J. W. Kocbb, 5, Klrby Ptrert. Hatton Garden. 
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